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PREFACE 

The planned development of the national economy of the USSR in [. 
the vears 1959 - 1965, acccpted ty the Twenty-First Congress of the 
KPSS, marks a wide use of materials with improved and special 
characteristics and properties, such as, corrosion-resisting and 
heat-resisting metals, light alloys, semiconductor, ferromagnetic and 
other materials, focusing attention on the industrial application of 
the facilities of electronic tuchnicues for ine mechanization and 
automatization of the control of production and also on the development 
of new kinder of equipment for the chemical industry. 

Rare meta’s play a fairly big role in solving these problems, 
che issue of which must be significantly increased for the seven-year 
plane 

Nicciun and tantalum hold a special place among rare metals, 
possessing, together with high melting temperatures, high thermoemissivity, 
the ability to actively absorb gases, corrosion resistance, as well as 
the ability to yield a number of industrislly important alloys, 

Information concerning these metals is disseminated according to 
mumerous literary sources, in which exists none of the sufficiently 
commlete surveys of their technology and areas of application. In 
domestic literatu. - , attemots to complete thie gap, is the creation 


of appropriate chapters in books on rare metals by 0. A. Sogina, 


A. N. Zel‘kman, G, V. Samsonov and 0. Ye, Kreyn, G. A. Meyerson and - 


A. N, Zelikman, which appeared from 1954 to 1956, However, these 


—— teem a 
"mnt GaeliPead tetepgtmnees motes tnt 


chapters, according to the very character and purpose of materials 
cited in them, cannot yet give a full and broad presentation concerning ‘ 
technology, alloys and applications of tantalum and niobium, 

In a given monograph the authors made an attempt to generalise 
the voluminous iilerary -*terial concerning tantalum and niobium, 
Special attention was given to the properties of tantalum and niobium 
in it and to the area of their application, the technology of extrsetion /6_ 
from concentrates, obtaining metals, and also tb the properties and 
application of alloys, It is natural that such work on the creation, 
on the nature, of the first monograph concerning such important metals 
for engineering as tantalum and niobium can not eliminate shortcomings. 

The avthors will be grateful fer all notes and remarks which the 
readers of the took submit, but they do hope, nevertheless, that in 
spite of the shortcomings it will be useful to a wide circle of engineers 
and researchers, working in the most diverse branches of tuchnology 
and connected, in one way or another, with the production or application 
of tantalum, niobium and their alloys. 

Chapters 2 and 6-9 were written by G. V. Samsonov, chapters & and 
5 by V. I. Konstantinov and chapters 1 cnd 3 by G, V. Samsonov and 
I4 I. Konstantinov jointly. 

In the writing cf chapter 2 the interest of Yo, FP, Ziv was recfoved, 
in the writing of chapter 6 the interest of T, Ya, Kosolapov was 
reckeved, to whom the authors express thanks, 
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thapter I 


Seneral Information on Tantalur snq Niobium 


The tantalum end niobiun constitute elements accompanying each other 


and endowed ‘itn closely related chysical and chemical properties. 


The history of ‘tantalum and niobium is unique; it is cheracteristic, 


at tne 3eme time, that the chemists were unable for a long time to distinguish 


between them, due to a clos2 resextiance of their properties. 


In 1801, the English cherist :stchett reported the discovery of a new 
chenuical element wiich he o-med “colurbiun". The name of "colucbite® 
was chosen by him for the mineral contsai:zing this retal, approximately 
withlu a year after the 2iscovery of colucbium, Leberg cetected in one 
of winerals a new slenent whica he raned *tantaluc®; this name was meant 
to symbolize the difficulties ex:erienced by cuemists in their atte pts 
to dissclve tne isolated cxide of this new element ic acids. Te mineral 


containing this new eierent received tne name of ‘tentslitc’. 


Dasing on researches, pricerily those of Volieston ard berzeljug, 
it was assumed for a long time that colucbium and tantalus are identical, 
However, dollaston hicself found out that the specific weight of coluxbite 
(5.2 ~ 6.4) is considerably lower than the sjecific weignt of tentalite 
‘S.5 - 7.2). The differences were tetecte? also in oxides cf these metala, 
{solated fro minerals. Years have p:c3e4 until 2ose (in 1844) 


proved that coluroite contains teo iwztals, 


viz. niobium (named by Rose in Sonor of the mytuical goddess of tears, 


Nfobe, the 4tughter of Tantalus) an! tantalum. 
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Tae later researc..eS by serusa, a russian cnenist, and ~lacs‘tran’, 
a -wedisa cnemist, confimsed tie existence of two elesent, oiooiur and tantalun, 


Taus it was proven that -atcuett's colunoium contains two elezent, namely 


a eee terete aan Memrnmaine °° 


on 


niooium and tantalum (oidl, 1). In tae Ws and iogland, ciobiun was caiiea 
Culumwiun (designated by the syzbol Cb) for a long time, ~tarting with 1952 


a 2ingie name, viz. niobiun, was accepted fur this element. 


f 


siltog was tae first tc obtain tantalum (in 15.7) and niobium (in 1907) 
in Poru of the pure cozpact etal. .nc Letaiile tantalum was used for filaments 
of normal Lilwainition lanps, «ence 1: was Suscejueutly replaced oy tungsten. 
Sae developuent of industrial metnois for terivation uf tertelum Legan, later on, 


in conjunction witi, a successful application of tarntaluw is current rectifiers 


(1522) and, in particular, in ratio tudes (1923 - 1924). 


Taole 2 
ioSicoeCi wical Jeuctonts of Cental sc anit .fpotius 
Constants sentaiun viobdiuc 
Intex nuxber 73 4d 
atonde weight (3) Sooees 92.91 
Se sity st 20°, exfer (4) 16.6 8.57 
Crystallie structure Lady-centered cube bidy-ceontered cube 
Faraseter of lattice, a (5) 36296 errs ls 
atoute ratius, ri (6) Lesz 1.45 
Ionic raiius, 2 (6)s 
be? * C.62 0.62 | 
ret t : 0.67 | 
oo 7 0.66 0.46 | 
| 
i 
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The tables 3, 4 and 5 provide data on mecranical properties of tantalum 
and niobium, The thermal, electric and other properties are presented 


in tables 6, 7 and 8, 


Table 3 
Utrength and Sxpansion of Tantzlum, -nnealed at 1700° (72 


Testing field Tensile criforn Total Relative 
pemperature Poing Strengti Slongation <longation Contraction 


C vest ke fo % Za S 


~3.95 87.1 - 0 12.4 7 
~180 7305 = 9) 13.4 78 
-130 58.7 - 0 15 81 
-78 42e's 41.3 16,0 37 &9 
-20 39-7 39.2 26.0 34 86 
#25 2726 35.0 28 &5 8 
+200 18.4 52.9 21, 31 86 
+400 2504 22.6 18 27 84 


Being endowei with a gcod resistance with respect to the action cf molten 
metals, applied as heatetransfer agents in atomic reactors, tantalum and niobiun 
nav different values of the therm l-peutron capture cross section, whica 


amount to 20 parn/em* for tantalum and 1,2 barn/ex” for nioolan, 


£ 
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Table & 


annealed at 27°02 (8) 


Testing Froportional Tensile Elongation 
Temperature Limit Strength Z 
2G ke/mmn* kg/mm 
20 16.74 27.28 49 

200 16.08 Bed 48 

300 9077 24.03 38 

400 310508 22.94 28 

500 10.54 2h bk 35 

550 7028 22,32 24 


Table § 


pe raniga: Crarscteristics of Tactaium and sfobiug 


Cnoracteristic Tanvolun isiobium 
Compresaibility factor, ke/nm* 21050 (9) 17670 (10) 
Elasticity modulus, kg/mm 17830 (11) 20600 (42) 
Slip ratio, kg/mm" 7000 (13) 62% (12) 
Foisson's ratio, (11) 0.35 0.39 


2 
Srinell hardness, kg/mm , of sheet (14): 


for annetled sheet 45-125 RE” fo 16 
for atrained sheet 125-350 200-250 


‘ 


for a sheet wnich absorbed gases 
while heated in an imperfect vacuum up to, 600 


2 
8 


Mcrohaninesa of annealed sheet, kg/mn , 


under load of 30 gn (25 108 88 


fos 
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Tadle 6 
Taermal Froperties of Tantalum and Niobium 
Froperties Tantealun Whiobiun 
Melting point, °C 2996 (14) 24,68 £16° (16) 
Boiling point, °C 5300 3300 
Temperature of transition 5 
{nto superconductive state, C (19) -268,.8 ~263.8 
selting heat, cal/gm (19) 37 = 
Burning heat, cal/gm (14) 1379 2379 
Evaporation rate, gm/enesecs 
for tantelum according to (17) 
for niobium according to (18) 
2000°K 1.630127)" x 
2200 9.781072 2 
24,00 3404-1077 . 
2467 " 1.16+107? 
2670 50540107 e 
2628 - 1.0861078 
2800 6.610107! = 
2812 - 1.06°1079 
3000 6.79+1078 : 
3200 3.621079 
3249 6.80+10°9 3 
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Properties Tantalum Niobium 
Evaporation heat, kilocal/gm-atom 
at Ts 0°%K (4) 185.5 170.9 
Linear expansion coefficient, 
cu/cmedegress 
0 ~ 100°C (19) 6.56107° zfi51076 


0 -.500 
0 - 1000 
20 ~ 1500 


Specific neat, cal/giedegree (19): 


9° 


2006 
Jeat conduction, kilocal/emssece °C; 
for tantalum according to (14) 
for niobium according to (8) 


0° 


6.6+107° (15) 


8.0-107 (19) 


0.03322 
0.03364 
0.03495 
0.03679 
0.03873 
0.04078 
0.044 


0.13 


7247+107° (8) 
788-107 (8) 
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Properties Tantalum niobium 
500 | - 0. 151 
1430 0.174 
1830 0 e 198 = 
Table 7 


blectric Froperties of Tantzium and Niobium 


Properties Tantalum Niobium 


Zlectric resistance, x 10° ohme cms 


0° - 15.22 
20 1325 - 
100 i7.<4 G) 19.18 (6) 
200 - 23.13 
500 Heo 5500 
1900°K (20) - 45.0 ~ 
1500 62.4 S 
2000 7869 = 
2500 94.4 = 
3000 105.6 - 
3269 115.5 2 
Semperature coefficient of electric resistance, 
%103 (19)s 
20°C 3e1 32% 
Bc ea a i re St ets a a ea 
4- 
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Properties Tantalum Niobium 
Zlectron emission, a/en* (3): 
1600°% 9.1107 2.191075 
2000 6.21*10°3 1.16°1072 
2400 0.500 0.800 
2800 12.53 69.67 
3000 45 60 Z 
Richardson constant, a/em“-°K (3) 60 37 
work function, ev (3) 4ele 4.01 
Coefficient of secondary emission (3) 1.35 1.18 
Fositive emission, ev (4) 10.60 55 
Fotential of jonization, v (4) 7.3 $0.3 6.77 
Radiated power, watt/om* (3): : 
1600°K 7036 6.40 
2000 21.6 18.5 
24,00 51.3 4503 
2800 105.5 130.6 
3000 144.4 - 
3269 214.5 - 
Radiation coefficient at 42 6650 As 
20°¢ (23) 0.493 0.37 
”*h 04645 - 
(24) 
1730 0.418 - 


Properties 


Specific susceptibility at 18°C 
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' 
hedium Concentration ge re Corrosion resistance 
ee. ; a eens 
| Tantalum iwiobium 
> Peo aa is Acids 
Nitrous acid CONG. 150 ©0000 - 
, Nitrie acid 5 200 0.0000 - 
|! 50 200. 20000 - 
79 200 0.0000 ~ 
CONC. os) 6.0600 0,0000 
nitric acid with edmixtures 
: of organic acids conc. 150 06,0000 - 
175 0.0000 - 
<00 0.0000 - 
| bixture of nitric 
and hydrofluoric acids - co - 100 Dissolves Dissolves 
rapidly repidly 
Jydrobromic acid conc, Oo = 150 0,.CO0G - 
wvydrosilisofluorie acid con. 0 ~ 150 Dissolves - 
© Crthoarsenous acid conc, 0 - 150 0.0000 - 
Srthophosphorie acid 85 29 0.0000 0.0005 
4- 


Tantalum 


0.849 » 10 (21) 
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Niobiun 


2,2h « 10° (22) 
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hedium Concentration Temperature Corrosion erslaranes| 
4 oc 
Tantalum Niobium ! 
{ 
dydrogen peroxide 30 21 0.0000 0.0008 
tydrofluoris acid 40 20 - 100 Dissolves Dissolves 
Sulfurie acid 20 21 0.CO00- 0.0000 
25 21 0.6000 0.0000 
98 21 0.0000 0,0004 
CONG. 2l 0.CCSO 0.00051 
CONC. 50 G.Cc000 0.0032 
(brittle) 
conc. 100 0.0000 0.076 
(brittle) 
conc. 150 0.0000 0,652 
(brittle) 
cone. 175 0.0004 5.68 
(dissolves 
repidly) 
CODS.e 206 0.006 ad 
conc. 250 0,116 = 
conc. 300 1,368 - 
Funming sulfuric acid, 
containing 15% 304 - 3 0,cO1l2 - 
~ 79 0.368 - 
- 130 15.6 - 
Suifurie acid #Croq (solution 
for chrome plating) ‘ 1000 0.0000 0,032 | 


ete more cereniere corm om seme + Soh aetig me 
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pediun Concentration Temperature 


rixture of sulfuric and nitric 
acids 


Chromic acid 


Frussic acid 


% 


C 
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Corrosion Resistance 


Tantalum Niodiun 


- 0 - 150 0.0000 - 
Hydresniorae acid 20 19 - 26 0.0000 0.0000 
CONC. 19 - 26 09,0000 09,0006 
CONC. 100 0,0000 0.0254 
kixture of aydrochlorie 
and nitric acids (231) - 19-22% 0,0000 0,.C005 
“ 50 - 60 0,c000 0.0254 
Fhosphorie acid 85 150 6.0000 C0600 
85 210 0.CCO8 0.0132 
85 250 20 : 
conc. 20 0.00012 - 
CONC. 150 0.10 = 6.15 - 
Tercolorisc acid CONC. 150 C,c0CO C,0C00 
uypocnioris acid CONC. 0 -~ 150 0.0000 = 
s 0 ~ 150 06,0000 “ 
conc. 0 ~ 150 C,0000 = 
Alkaline Solutions 
nmonia (aquecus solution) 25 150 C.CCO0O 0,CC00 
Fotassium oydrate 5 20 - 0.1835 
(action 
on surface 
of liguia) 
~l§- 


- ee ee 
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Medium Concentration Tempereture Corrosion Resistance 
Zz C ma/yr : 
Tantalum iiobiun 
Fotsssium aydrate 5 100 Stable Brittle 
4o 100 Dissolves Dissolves 
rapidly rapidly 
Sodium hydrate 5 20 - 0.02515 
(action 
on surface 
of liquid) 
5 100 rediocre iediocre 
(trittle) 
ree) 100 Dissolves “Oissolves 


Inorganic 


Fotassiud alumosulfate 


codiu: bromide 

Sodium tungstate 

cariun hydroxide 

Fotassium bichromate 
Fotassiur carbonate 
acconium nitrate 

Ferric oitrate 

(with or without admixture 

Sodium nitrate 

idekel aitrate 


Silver nitrate 


rapidly ravcidly 


Salts and Bases 


natura ted 
aqueous sclution O - 150 


Same 0 - 15C 
Same 3 = 150 
Same 19 - 4 
Same Go - 150 

20 GC - 150 
caturated 


aquecus solution 0 + 15¢ 


Same od - 159 
Same 0 ~ 150 
oame Oo - 150 
Sass ~~ 150 


0.0000 - 
0,C000 - 
0.00C0 - 
C,0000 - 


6.0000 - 
0,¢000 - 
0,0000 - 
o.0000 ~ 


Re de 


| 
| 
| 


' 
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ibedius Concentration Temperature Corrosion Resistance 
4 °c Pen CRED >" 6. + deen oe 
Tantalum isiobium 
armonium culfate Saturated 
aqueous solution 0 - 159 0.C000 - 
Iron sulfate Sane 0-150 0.0900 - 
wickel sulfate came co = 150 0.6000 - 
Zine sulfate uae 0 - 156 0.0050 - 
sodium cnolorate uare ¢ »- A§c GeeCco - 
alucinuc chloriie Sane GC - 150 UecCO00 0.9000 
amoniun caloride | Jae 0 - 150 G.G500 o.6C000 
iron culoride Jahie 0 - 150 0.0600 - 
rotassium caloride Sane cS = 150 0,c0C9d - 
tagnesiun crloride came c= 450 0.cC3C Ce6000 
~odiur crioride vere c= 155 Ge G00 6.8900 
wicael enloride ab of ~ 155 G.0000 - 
Téa. caloride oume 9 - 159 3.0000 Ge" OCG 
etoe S8aloride OGLE 0 = 158 0,0C00 0.05C0 


acylasetate . 19 - & o.6600 e 
aniline (biack) = 19 - 26 2.C000 re 
acetone = 13 - 26 C.0500 * 
Tartario acid 7n0) <e - 6.0000 
Citric acid - 19 - & 6.0600 = 


ne eee 
eee eee ee 


ces tebe eee 


vediun 


Soncentration Texperature 
Orn 


y4 


w 


corrosion Aesistance 


Tantalum 
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en naneteetctesre AO a ae aM nee en 


wiobiwa : 


ceca een de cea a eer 


letayl alcohol 
retnyl-sulfuric acid 
Lactic acid 
Litrobenzens 
witrosyl-cnloride 


acetic anhydride 


acetic acid \ice}--~ 


vame, yapors 


Faenol 


iutaaleie anhydride 
Lethyl chloride 
Colorovenzens 
Chloroform 


Cxalic acid 


Etayl eleohol 


Biscuth 


Saturated 


19 - 


aqueous solution 


Saturated 


19 - 


aqueous solutica 


sane 


26 


26 


0,000C 
0,0000 
0.0000 
0.0000 
0,0000 
0,0000 
0,0000 
9.0000 


G,0cCO 


0,0000 
0,0066 
0,co%O0 
0,0cc0 


0,coud 


0, 0000 


C.C1U05 
(orittle) 


Licited 


paw Rrmeene a8 1 pontine = Ses om eesilne 
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vedia Conesntration Tenperaturs Corrosion resis tacce 
~ “¢ mf 
pci dae __santalum.doblum 
vismuth-leed 55.5% Bi, 10u0 aisso.ves dissolves 
bie 5s 
Fotassiue (with ainimun 
content of oxysen) - 360 good goad 
o 600 good Fan 
Caieium - 360 good good 
- 600 limited limited 
ragnesiun - 600 god 00d 
Sodium (with minimus 
content of oxygen) - 309 xete sa good 
- 500 good © 5008 
™ 900 -9,0960 0,01 2 


wille tested 
for i658 hrs 


Tin - L74G6 dissolves o 


lerecury - 300 good good 


venavior of Tantalun and itvbiuo in atmosphere of Various Gases 


The tantalum and niobium are stable when expo.ed to eold in the eir atmosphere; 


they begin to oxidize in heating up to a temperature excee ting 300° e 


a A te TE Nm tees ematat 


eiial 


Soe atnent 


a 


1 
Refer to pp 163 and 199 for information on the dissolvability of oxygen 


in tantalum and nicbium 
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Walle exposed to the stxosphere of hydrogen, tantalum and niobium 
adsery the latter (refer to pp 156 and 192); at the same time, the diesclvability 


of hydrogen in these metals decreases with en increase of the tamperature. 


The neating of tanteiwn and niobium in the nitrogen atmosphere at a temperature 
lower than 600° causes the absorption of nitrogen in a significant amount, 


as well as the production of TaN and Noi nitrides (refer to pp 151 and 198). 


The data, presented in Table 9 (Bitl. 29), wake it possible to visualize 
the oehavior of tantaiun and niobium in the atmosphere of various gases 


and the variation in meenarical properties of metals. 
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LOL 656/21 
At a high temperature (1200 ~ 1400°), carbon and carben-contaiuing gases 
(ee Su» Cit, and CO) interact with metals and produce carbides of tantalum 
and niobium (TaC and NbC). At a temperature lower than 600°, CO is abasibed 


by metals, 


Tantalum and niobium yiel4 to the action of fluorine at the indoor 
texperature; cnlorine affects tantalum at the temperature upward of 250°, 


and niobium - at the temperature upward of 200°; oromine acts upon tantalum 


at temperatures exreeding 300°, and on niobium - at temperatures exceeding 250°, 


In relation to the gaseous iodine, taatalun remains inert tnhroughcut the entire 


temperature range up to the red neat (cibl. 30). 


Tantalwa is inactive wita respect to tie gaseous aydrogen chloride 
up to 4yon?, and wits respect to aydrogen bromide - up to 375° (Bibl. 35). 
Free We and sulfuc monochloridce corrode tantalur, 
Tecunolozical Froperties of letallic Tantalum and iiob wf 


(Bitl, 19, 36 and a7)¢ 


In the pure form, tantalum is hard, forgeable and ductile. It can be rolled 
in thin sheets and also drawn into a thin wire. a good mechsnical workability 
in the cold stste is combined in tantalum with a good weldability. The welding 
of tantalum (and niobiuz) seams should be carried out under the proteotion 


of water (or carbon tetrachloride), or else in tne neutral atwosphere (argon). 


Tantalum and niobium are comparable to nickel es far as their suitability 


for the die stanuping, molding and drawing is concerned. 


*refear also to Chapter IV. 
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A high cutting speed is desirable in the working on a lathe, Tantalum ‘ 
is endowed with a good wear- ard abrasion resistance, providing that their 
action is not focused for a long time in one place. Tne wear resistance 


can be increased to a significant degree by hardening. 


One of the characteristic properties of tantalum consists in its high 
erosion resistance, even in the anneaied state. Upon hardening og the metal 
its erosicn resistance increases to such a degrwe that the metal is capable 


of withstanding the effect of a nign-speed liquid or venor stream, 


The negative properties of tantalum consist in a very pocr stability 
umier loac, as weil as in its poor weléing adhesion to most metals (incluAing 


tantalum itself); in this respect, tantalum resembles strongly the stainless steel. 


‘The pure niobium yielés readily to tne pressure treatment (f.rging, rolling 
end drawing). It is extremeiy Piilable at the norral temperature and endowad 
wita a negligible tendency te the cold hardeninc. iiooium is forgeable, ductile 
and weldable. The pliebiiity of a niobium wire is sufficient for its coiling 


at the indoor temperature, 


In addition to all tne above-indicated properties of tantalum and niobium 
it is necessary to note tne fact that trese metals are capable of passing 
the current only in one direction upon tueir immersion in the acid electrolyte, 


In live organisms, these metals do not cause any irritation of tissues (Bibl. 30), 
among the properties of tantalum and niobium, analyzed above, the following a3. 

qualities are particularly interesting: ®m exceptionslly high corrosion 

resistance of metals, including the resistance to the action of molten metals, 


| 
cowbined with a sufficiently oigh strength and heat conductivity; high pliability, | 
~19~- : 
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high melting point; low work function of electrons (attesting to good emission 


rroperties) and the gas-absorbing capacity of metals, AL 


Regardless of the affinity in properties of tantalum and niobium, they differ 


from each other in sore respects. Tous, for instance, niobium is less 
corrosioneresistant than tantalum; it o:s a lower melting and boiling point, 
and its volatility, by comparison with tantalum, is significantly higher. 

at the same time, the specific weight of tuntalum is twice as high as that 

of niobium; as a result, niobium is entowed with a nigher structural strength. 
Tae nuclear properties of ulobilum differ noticeably from the properties 

of tantaluz; the effective ne ‘tron-capture cross section with niobium 


is much smaller than ::ith tantalum, 


2. FACFERTIES OF BaSIC TATsALU- AD NIOBIUM COMPOUNDS 


Tentalum and niobium are transient elements in the group V of the priodic 
system; tney have therefore a metallic character. In compourds of a higher 


velence, botn metals display, as a rule, the acid nature. 


Tantalum and niobium are known to exist in various valcnt states, 


such as penta-, tetra-, tri-, di- and even monovalent states, 


The valence #5 constitutes the most typical valence of tantalum and niobium 
4n chemical compounds. This valent state is observed in their higher oxides, 
various tantalates and niobates, as well as in many complex compounds 


(oxalates, citrates, eto). 
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Tae state of tantalum- and niobium oxidation to lower degrees is observed 


in lower oxides, The tantalum and niobium oxides of a lower valence are known 


i 


ordinarily in form of solids; however, in some cases, the multinuclear complex fons, . 


containing these elements, are known to exist in solutions. 


Tae description of most important tantelum- and nicbium compounds 


is provided in the next section. 


Tantalum, Niobius an pe 


Tne tantalum pentoxide (Ta50.) and niobium pentoxide G05 0, ) constitute 
the most frequently excountered tecinical products. Toe anhydrous pe:.toxides 
are nonvolatile, tasteless and odorless subdstai.ces of a wnite or yellowish 


color (niobium pentoxide). 


Fentoxides can be derived by various methois, viz. by oxidation of nmetal 
powders, hydrices, nitrides and carbizes, as well as by calcination 
of hydroxides - tantalic and nfobi: acids, to wales the formula lezQc + xH20 
is ascribed (where Ie is Ta and ib), There are references to the existence {20 
of hydrates with a diverse volua of x (cibdl. 38 ~ 45). According to the data 
in (3ibl. 33 and 363), a complete desydration of tantalum hydroxide occurs 
at temperatures exceeding 450°, ani that of niobium hydroxide - at tecreratures 


upward of 400°, 


The hydroxides of elements can be obtained A4urtng. the lixiviation by water 
of products whican heve been derived in the fusion of their compounds 
with potassium pyrosulfate; during the neutralization by acmonia of bydrofluoris- 
“acid solutions containing tantaluz an} niobium; during the treatuent by acids 
of tant-late ar? niobate solutions, ana as a final product in hydrolysis 
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of halide compounds of elements, 


The freshly deposited tantalum hydroxide dissoves in water, as well as 
in hydrochloric and sulfuric acids, to a very negligible extent. The niobic 
acid dissolves to a slightly higher exient in water, and also in weak hydrochloric 
an* sulfuric acids (bibl. 3S). Tne niooic acid is Aissolvable in concentrates 
-ycroccloric and eulfurie acids; nowever, it falls out once again upon the dilution 
of sclutions. The tantalun hydroxide :rodtuces somplexes with tannin, as well as 
with oxaile, salicylic, citric, tartarie and pyrogallic acids; the niobium 


nydroxides produces elso corresponding complexes with oxalic and tartaric acids. 


“ae aydroxides of tantalum and niobium dissolve readily in oxalic acid 
and in alkaline solutions of potassiux, Correspondin,, salts of weak tantalic 


and nioble acids, viz. tantalates ani niobates, are produced in the latter case. 


Depending on tae calcination temperature, pentoxides of tantalum and niobiun 
exist is various crystallic variants (siol. 38, 46 - 50). .ccoréing to cchoenberg 
(bibl. 51), the higher oxide of tantalum & -Ta20c is an isomorph of the low- 
-tenperature version  -.2b205 (cibdl. 49}; according to data in (Bibl. 48), 
the former changes irreversibly into a high-tezperature version at 1320 f 20°c, 
The results of a X-rey diffraction study of @- and p -Ta20,, performed 
in the research (biti. 5c), show that X -Ta0, has the spece group 14 (ats) 
with cell periods a= 3,80; c#56.6 4 an? the density of 8.53 gn/or, 
watle @-Taz0, has the cell F 2.2.2, with a© 6,80; d# 43.93; 0 «3-890 A 
and tre density of 3.30 gx/on, The specific weight cf warious versions 


of tantalum pentoxide changes from 7.35 to 8.71 (Bibl. 53). 
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LLL 656/1 
accorjing t> Zacnariesen (Hibl. 49), b,.05 exists in three versions, 
viz. a, p ani Y » woerein the low-temperature Q-version is lsomorphous 
with respect to Ta0,. This is confirmed also by Kiessling (50). Brauer (54) 


asserts tnat niobium pentoxide is homogeneous from i+0 to NbO, 05 


2.40 
and that it exists in three versions, nazely tne low-temperature version 
(up to 906 - 950°), mediumtenperature version (fran 1000 to 1100 = 1150°) 
and high-temperature version (upward of 1100 - 1150°; forred completely 
at 1200 - 1250°), Folyrorphous transformations of niobium pentoxide 


are monotroric. Tne specific weight of niobiun pentoxide varies for various 


versions from 4.37 to 5.c2 (Bibl. 53). 


Tae neat of Taz, formation from elements constitutes 482.3 0.5 kilocal/mle, 
while that of ib20; formation enounts to 455.2 25.6 kilocal/mle (Bibi. 55). 
The melting point of Ta,0, equals 1620° (Bibl. 56) and that of Nba05 1532° 


(Bibl. 57). 


The pentoxides of tantalum and niobium are stable substances; however, 
upen the calcination in vacuo, they decompose liverating oxyger; in particular, 


ms breaks down, Curing the telting in yacuo, croducing Nd05- 


The dissolwability of calcined pentoxides in water, acids snd alkaline solutions 
is significantly lewer than that of non-calcined ventoxides, and it decreases 


with the increase of calcination tem; erature, 


In contradistinction to a more stabie tactaluc pentoxide, niobium pentoxide 
ie reduced by nydrogen to dioxide at 8Co - :200° (Biol. 58 and 59); niobium nitride 
is formed during the interaction with NH, at 5c0 - gco°; volatile chloride 


and oxychloride of niobium are formed during the reaction of Nbd205 wits chlorine 
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NM. 656/1 
at the temperature of 1000 - 1050°, or witan carvon tertachloride at the temperature 
of 200 = 2°, while tantalum oxide remains uncnanged (3ibl. 61). It should be 
noted, in passing, that the temperature on the oréer of 320° is required 
for the transformation of Ta a0, into a corresponding cnloride during the reaction 


with, 6. Be» CCl, (Bibl. 62). 


according to data in (Bibl. 63 and 64), pentoxides of tantalum and niobium 
produce a continuous series of solid solutions. Tne specific weight of oxide 


mixture varies in proportion to tne composition (Fig. 1). 


Fi-. 1. Variation in Specific weight of Oxide sixture (Ta3C, anc ia0e Oxides ) 
in Dependence on Composition. 


Legen3 in Fig, 1: 1 - specific weight; 2 - content, % (by weight). 


Tantglates ant \jobateg 


The fusion cf tantalum and siobiim pentoxides with oxides of various mtals 
and the treatzent of pentoxides by alkaline solutions result in the formation 
of salts of s complex composition which may be expressed by the general forma 


xbed « yROc * 2Ho0, where he is the corresponding metal; R - Ta or Nb, 
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Fotaasium- and sodium tantalates and niobates are most important le2_ 


. among varicus *antalates and niobates, 


njobates of Fotassjum. Tnere exist potassium tantalutes 


3 and potassium niobates 


- 


with the 50 : Tag0, ratio from 3: 7 to 10 + 
with the X50 : Nb205 ratio from 1 : 3 to 5 : 1. Anong then,the following 
tantalates and aiobates are dissoluble in water: 4K,0 + Bands ° 1680 
or 7K20 * 5Taz0, * 24H20, Kz0 +» Nbz0, + kH20; bK,0 + Tibz0, * 32H20; 
TK0 + Giiby0, + 27420; 4K20 + Zid20, + 1GHQC; IKAC © Srbz0, +» 134) 

and 5K,0 ° Nd205 « 


Tne dissolvability cf K.0 = No.0, * 410 salt constitutes, at 5°, 59.53% 
of anhydrous salt; that of 74,0 ° Grp 30, * 2740 constitutes 55.05% of anhydrous 
salt (tne 7:6 salt changes into tne 4:3 salt in the aqueous solution of KOH 
with alkali concentration exceeding 20%; tae conversion is reversible); 
that of 4+K,0¢ ° hs0e 162,0 constitutes approxinsately 56% of anhydrous salt 
(the dissolvsebility of salt decreases abruptly .ith a algher concentration of KOH); 
refer to bibl. 65). Accoriing to Larits:fy (2idi. 553), the dissolubility 


of KTa0, constitutes 5.87 + io”) mole/l at 25°, wnile that of Kib0., acounts 


3 
to 8.7 + 1074 mole/). 


Tae folio«ing stable salts are best «mewn avong tantalates and niobates 


of potassium: 


I. K,0 ° 7aQ0s - potassium cetatantalate, 
2. 4K;0 « Faz, - potassiuz hexatantalate,. 
3. K20 + 206 - potassiuz cetaniobete, 


4&K20 *3i0205 - potassium hexaniobate, 
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The saits 1 and 3, as well as 2 and 4, are isomorphous (bibl. 6c); at the same 
time, salts < and 4 are identicai with salts having tae ratio equal to 7:6, 
wnichn is conditioned by the possibility of exchange of water molecules 
for alkali (KCH), These salts can »e represented by the general formula, @. Bee 
Ky {Ta 2056} (0x), - 302.0, 
wnere the substitution of 0°" fon for OH, tne loss of water molecules 


and the addition of K* {ons are possible (3ibl. 503). 


according to data in (cibl. 554), potzssium metaniobate can exist in form 
of various hydrates, containing 2, 0.4 and 7,< .ater uolecules per one mlecule 
of salt; aydrates of potassium hexaniobate cay nave 27, 9, 6 and y water molecules 


and hdrates of hexatantalate - 3&, 6, 3 and 1, respectively, 


mantalates end niodstes of Codiurn. Tre fusion of tals and Hos with caustic 
scotia or caustic potash, folilowad by the water treatment of the fusion, 
or tne addition of sodium salt to solutions of potassium tantaiate and niopate, 
result in the formation of sodiws tantalates and nivbates which are endowed, 
a contradistirnetion to potassium salts, witb a iow degree of the dissolvability 
in water. dg are faxiliar wits various sodium tantalates, w108¢ Na50 1 Ta 20¢ ratios 


amount to 413, 7:5, 1.11, 1:3 and ¢:7. For corresponding niobiun salts 


spe me ee a mem 


tnese ratiog are equal to 5:1, 3:1, 3:4, 6:5, &:7, lil, 7:3, 3:4 and 2:3. {21 


The existercce of salts with ratios of 3:1, 3:2, 6:5, 5:7, 3134 and o:3 is doubtful, 


best known are tae following salts: ‘sTa03, ag T ACs» irao0 + FTag0s « 2 520, 


1aND03. finch, and Na5t + Gib 206 ¢ 32856. 
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according to researcnes (Sibl. 47 and 69), nicbate with the composition 
of 5-100, 6 Nes0 » Mas) is preduc*¢ during the fusion of Noo0> with NaOH. 

In agneocus solutions, ta:s salt is subjecte: tc the hydrolysis 

according to the reaction of lz VasnhOg #55 Hod =D 7 Nad © 32 io0 # 46 Hadd. 
During the fusion of Taz0c witn Na a we obtain, correspondingly, NagTa0, salt 
whies is subjected to the hydrolysis in water and yields WaqTacd),, « 11 10 


(Bibi. 38). The researches (Bibl. 68) are cCevoted to studying sodium tantalates. 


The following are the values of dissolvability of sodiun niobate (7:6 salt) 
in water and caustic-soda solutions at emperatures of 20 and 90° “Bibl. 63): 
Content ot NauH, 
em/xl of solution; - G.1 C.2 0.3 9.4 0.5 0.6 O.7 9.8 O.9 1.5 


Sodium niodate oy ete 


gu/1s 
i] . at 20° 1,60 1.05 0.66 - = -~ = - a“ - on 
at 90° 2,60 1.90 1.20 Ge75 Sead 0232 6.24 0,48 9514 0,12 0,11 


when the concentration cf NaQH is equal to 1.5 gr/100 mi, 1:6 salt 


is practitealy insoluble. 
At 13.5°, one part of tantulum salt (4:3) is disscluble in 452 pets of water, 


it 25°, the dissoivability of laTad, salt constitutes 5.5 « io? mle/l, 


and that of NaNb0, ~ 5.9 * 1074 mole/l. 


| 
The Sivasd ¢ 6Ta2Cs salt can exist in form of hydrates having Sz, 7, 5 and 1 


: 

wates molecules per onc molecule of salt; correspondingly, the 7Na20 « 5TagCs salt | 

: 
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is capable of snnexing 29, 3, 2 an2 1.7 water molecules, niobium sait 7a © 
* Eib206 - 32, 6, 4 and 2 water molecules, rnd Hastb0, ssit - 3.5, 2 and 0.5 


water molecules per one salt molecule (Bibi. 554). 


according to lapitskiy, Na,Ta0, melts at 1030°, sodium retaniotates at 126,0° 
or PYs ° 


and Nagiib0, at 980°, 


hetataatalates and metaniobetes of alkaline end a.ikali-eurth metals 


are thermally stable ani nonvolatile at hign temperatures (32009), 


Tantalates and niobates have sore common features, which proff..re 
a possioility of proposing a number of structucsi formvles for ture clarification 
of their structure. According to lapitskiy, for instance, the cenerel structure 
ct aquapolycompournds of tantalwa an2 niobium cen be represented by the following 
formula 
ie [69,01 9)0 + 1,0] mH,0, 


where 3- Ta and Nb; le - Li, Na, k and othersy n- 1, 2, 3, & and 5; x ~ l4.lbs 


a ree nee een ee 


nii,C - water, coordinated around cations. lay 


Tantalum, Niobium and dalogeng 


Fiuorides of Tantalum and Nicbiume 


The metallie tantalum and siobium, tantelum and niobium oxides, as well as 
nany of their other compounds, dissolve in hydrofluoric acid. The addi tion 
of potassiua salts to oxalic-acia solutions of tantalum and niobium, coutaining 
upward of 7% of the free HF, results in the formation of complex composite 
compounds, viz. potassium fiuotanta ate KpTaF2 ani potassium fluonit bate KoNvF >; 
wnen the concentration of HF in the solution is lese than 7%, the salt KNbF > 


hydrolyzes, producing oxy-compounds of KNd0F. ° H0. 


-26. 
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The aforementioned compounds con3titute some of the most important 
tantalum and niobium compounds, and they play an importent role 
in the technology of these elements. In particular, the industrial method 
for separation of these elements is based on the different dissolvability 


of KoTaF, and KyNbOF, * H20 salts (Figs 2). 
Pod 


ue ae ee 


Fig. 2. Dissolvability of Corplex Fluorides of Tantalum and Niobium 
in Oxaiie Acid of Yarious Concentration at 25 and 75°. Dissolvabilities Are 
Determined Sepcrately for Bach Salt, 


lecen3 in Fige 2: 1 - content of KjibF7 and KlaF os &; 2 - content of HF, &, 


Fotassius fluotantalate, K2TaF7, exists in the form of thin, prismoidal needles 
whica are isormrpnous with the corresponding niobium salt, KF 76 The specific 


weight of the salt equals 5.24 (Bibl. 30). 


The fluotantalate is stable in a dry air, The melting point of the salt 


constitutes 720%10° (Bibl. 30). : 
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LCL 656/1 
woile boiling in water, K,7aF 2 salt hycrolyzes, producing the insoluble 


compound of K Ta? (Marigrac arlt) whie: 2icsclves aga‘n upen an increase 
4 


14°5 
in the soncentration of SF in the solution, 

in contradistinction vo rotessium flucniobete, rotassium fluotantalate 
does not hydrolyze in solutions contaising an insignificant amount of the oxalic 
acid (if these solutions are not soiled). “lence, the cormal fluotantelate KTaF 
is stable in the sciution with all the concentrations of HF (up to 45%). 
Tne dissolvabdility of the salt increuses in proportion to the increase 
in the concentration cf HFs roughly from 0.0% (with 1.0% concentration of EF) 


to 6,5% (with 40% concentration of HF). 


Fig. 3. Dissolvability of Fotassium Fluotautalate in 1% Solution of HF, 


Legend in Fi s 1 - temperature, %; 2 - dissolvability of KpTaF 7, Re 


The dissolvability of the couwplex tantaluz salt deper;cs also, in a marked 
manner, co the excess concentration of potassium fluoride added to the solution. 
accoriing to the dats of Savchenko and Tananayev (Bibl. 71), wien the exceas 
concentration cf KF equals 1%, the dissolvability of K,Ta?> decreases 
by tis factor of 10; with 2 concentration of KF it decreases by the factor 


of 15 + 20 times, and with 5% - by the fuctor of 35 times. | 
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Fig. 4. Dissolvability of Kotak) in Relation to Concentration of KF 
in the Solution, (Conceniratioa of Salt is Expressed Conventionally by Content 
of TaF, in the Solution. 
legend in Fig. bs 1 - dissolvability of KNOPF? recalculated into Tako. a 


2 = concentration of KF, %. 


The presence of niobium salt affects also the dissolvability of fluotantalate 


in oxaliceacid solutions. 


according to heyersca, Zverev an? Zubkova (Bibl. 72), the presence of niobium 
salt decreases strongly the dissolvability of potassium fluotantealate,. 
The presence of niobium salt creates an excess concentration of potassium 
and fluorine fons which exert a salting-out effect on the tantalum salt, 
In order to reduce the dissolvability of Kot aF2 to 0.05%, the concentration 


of niobium salt should constitute 1.5 - 1.7% at 20°, and 2.5 - 3.7% at 60% 


(Fig. 5). 
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Fiz. 5. Dissolvability of KjTaF, vs Concentration of KDOF, in Solution 


- 


Lerend in Fic. 53 1 = dissolvability of KTaF 7, Ay 2 = concentration of KplibOF, a. 


Fosassium fiuopjobate, KNOFo, exists in the form of smli monoclinic crystals 
whiea are isurorphous with Ky-aF2 and Kot hF es but not isomorphous with KAT iF ¢ ° HO. 
Tre specific weignt of potassium fluoniobate equals 3.21 (Bibl. 53). 


vuring a heating in the humid air, Ky-bF, changes inte KbOFs * Ho0. 


During the dissolution in water end weak solutions of HF, Ky oF 2 is subjected 
to hydrolysis terminating in the formation of the cissolvable salt, viz. 


potassium oxy-fluoniobatec, KyNbOF, e H5060 


Conseqnently, the isotherm of dissolvability of complex niobium salts 
in oxalic-acid solutions sonsists of t~o brenches, The first branch corresponds 
to the equilibrium of the solution with solid-phase crystals of KibOFs, * HAO 
(up to 7% cf HF). The second branch corresponds to the equilibrium of the solution 
with crystals of KiIbF>. Depeading on the concentration of HF (in excess of 7%), 
the dissclvability of KNbF, jJecresses first (to 26 - 274 of iF) and then increases, 
The diminishing dissolvability is explained by the suppression of the hydrolysis 
of KNOPF, in proportion to the increasing concentration of HF, The growing 


dissolvability upon a further increase in the concentration of HF is explained 
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in the paper of Savchenko and Tananayey (5ibl. 70) by the formation of fons 


(vor,} “s i 


KyibF + iF GE KF, + KH, 


In the same uanner as for potassium fluctantalate, the dissolvability 
of potassiuz fluoniobate depends, to a cmrked degree, on the temperature (3ibl. 71); 
however, with an increase in the concentration of KF, the dissolvability of the salt 
decreases to a significantly lower degree than in the case of tne complex tentalum 
salt. Thus, in 10% solution of oxalic acid, tne dissolvability of KjioF, 
decreases only by the factor of 4.7, when the concentration of KF changes 


from 0 to 10%, 


Fotassiim oxy-flucnjosate, Ky d0F. » 40, Tae norzal crystallic version @ 


of this salt exists in the form of ecnaracteristic crystals of a lamellate shape, 
which are isozorphous with crystals of K,TiF, « lipC and XW oF, ° HC. [2] 
Tne potassium oxy-fiuoniobate is stable in the air at the normal temperature 


und during the heating. Tne monohydrate loses water upon heating to a teuperature 


exceeding 100 (bibl. 73). 


Tne potassium oxy-fluoniobate is stable : rd readily dissolvable in cold 


and boiling water, as well as {' weak solutions of HF, 
The ratio of dissolvabilities of KtaF, and KMDOF, ¢ HoQ in weak solutions 
of iF 4s presented below. : 


Tempersture, % cai Oe cia Die gieanae 20 40 60 80 


eG + eres wy 


Ratio of dissolvabilities eeeree se 1311.9 1311.6 1:10.12 1s1i 
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Fentafluorjdes of tantalus and niobium, TaF, and apEC They are obtained 
upon tne action of fluorine on metals at a texperature on the order of 300°, 
The tantalum pentafluoride is a colorless, crystallic salt, dissolvable 
in a mildly ecid solution of =F without aydrolysis. The niobiur pentafluoride 
produces colorless, monoclinic prisms during the distillation in vacw,. 
The salt crystals are very hysroscoyic; during the dissolution in water 


and milaly acid solutions of i, the salt hydrolyzes, producing free HF 


ane the so-called oxy-fluoniobie acid, AS OCK,» according to the data in (Bidl. 74), 


the relting point of TaF, equals 95.19; boiling ;oint -- 229.2%; Dit ep =z 13.0 
a) 
ziloesl/sole; lg F =m “@88.5c, - 2.83,/7; melting point of “Ps equals 60.0 ; 


boiling point - 235.99; Ax 


9 ic.9 mole; 4 mr lig @00439 - 2.505/T. 
“evape ee9 floeal/ OnO; 38 Fog We Be 439 2 /T 


apars from fluotantelate, fiuoniooate ona oxy-fluoniodate of potassium, 
yentafluorijzes of tantalum aad niobiur froduce nuserous complex compounds 
wito fluorides of alxaline, alkali-~earth- and so.e neavy uetals, as well as 


with anronium and pyridine. 


Crloriczes of Tentalut and Niobdj 


Fontachlorizes of tantalum an? nlobiuy. Chlorides of Ta (¥) and kb (¥) 


are obtained in the action of chlorine on cetels turing the heating at roughly 200°, 


in the action of chlorine on mixtures of oxidee of elementa with carbon 
st the tezperature of approximately 300°, and also in tre action of a dry Wi 


on the satallic tentalum or niobium at temperatures of 3CC - 350° (bibl. 75). 
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The tantalum pentacaoloride is a while or bright-yellow crystallic ealt, 
fuming in the humid air. Tantalum pentachloride hydrolyzes in water, but dissolves 


in absolute aleohol, carbon bisulfide and carbon tetrachloride (Bibl. 76). 


Tne niobium pentachloride in the solid state is a crystallic, ;ellow-colored 
Salt; in the melted state, it is a red-colored liquid. iifoblus pentachloride 
fumes in the air and reacts with water vapors, The salt reacts with water 
very rapidly, producing ‘ydrocuiorie acid and niobium hydroxide as a result 
of the hydrolysis. ‘:iobiuc pentacnloride dissolves in concentraved hydrocnlorie 
and sulfuric acizs; however, *ne dilution or boiling cf solutions results 
{fo the hydrolysis wits the sedimentation of asicbium iyJroxide. iiiotium pentacnloride 
is 2issolvable in sulfur conochloride, carboa tetrachloride and in organic 


solvents, such as chloroform, alcohol and ether. 


Fentachlorides of tantalum and niobium are higuly volatile substances. 


accomiug to (Fiol. 77), the melting point of val. equals 220,5°: boiling point - 


- 239.3"; A 213.6 kilocal/ncle, Tne reltine point of Cl, equala 


“evap. Tac 


209.5°; boiling point - 254.0°; Dias. bc” 12,2 kilocal/pole. 


Fath, and bCl. produce e@ continuous series of solid solutioas (5ibl, 79). 


P 
Refer to Fig. 6. They are endowed with sany ccumon ;roperties. Thus, for instance, 
in contradistinction to pestafluorides, they do not produce any corresronding 


complex salts with chlorides of vericus setals; the fusions of pentaochlorides 


eo bot conduct electric current. 
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Bota tantaluz chloride and niobium ciloride are thermally unstable 


et me nee 


at higa temperatures; they *ecorpose, rroducing zetals, while in vacuo 

on surfsces neated up beyond 6c0°,. at nigo texperatures, pertachlorides 
are reduced by hydrogen to metals; nowever, at a temperature of up to 400°, 
Tall, is not reduced, waile “del, forms reaiily the lower cnoloride, NbCl, 
(Bibl, 79) apart frou that, niodlun rentacaloride can be reduced 


to tetracnloride doth by metallic nicbiur and tentalum, according to reactions 


BidDC1s + Wo = SIDCL, [29 


Sit Tam $NbCl, + Tale. 
5. oCl> + a® Oho 1, Ta 1, 


Cn the contrary, ‘antaluo pentaciloride is not reduced unter these 


e nditions (wibl. 75). The behavior of pertachlorides is also different 


durin: tne reduction by uctelliec alu-inun. 


ln contyvadistinction to tintelun, niodiuc tends readily 


Soward the forration cf various oxy-couzounds with naloids. Toe niobium 
oxychloride, maOehas constitutes one cf tae nost icportant compounds 


among them; i¢ is derived upon tse action of chiorine on niobium pentoxide, 
iog0s (solié)¢ Siz (cas) GS WEDS (g58) 30, (gna). 


In a heavy curreat of cnlorine, tne reaction begins at 400°; Lowever, 
it becomes soticeable at higher tecperatures (bibl. 75). accoming to Morozov 
and sorshunor (Sidi. 80), tne reaction constant, K.» constitutes 7.14 - 10723 


at 10C0°, It is also possiole to odtain 0051, during toe reaction 
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between vapore of AC] and Wo0¢ and during the interaction of pontoxide 


with niobium pentachloride 
RCle * 220, << SHROCL,. 


Such a compound is not tynical for tantalum (if carben is absent, chlorine 
does not act uron tantalun pentoxide up to 1200°; refer te Bibl. 75). ‘iiobium 
oxychlorida sublimates at 400°; at a lower teuperature, it precipitates 
2n the form of white, thin needles, spol, forms compaea salts with clorides 


of alkaline metals and with scce or-anic compounds (Bidl. 30). 


The pressure of 2.bCCl, vapor is expressed vy tue foliowing quantities 


3 
(cibl. &0): 


° 
Temperature, C escesssescess 237 24C <0 270 28% 290 300 330 


Vapor presSufe, Fewer Rg eeeeceees o.1 12.76 2c,4 62,0 115.9 206 285 128 


eel, dissolves insignifican ly in tre sdo1e fustor (Sibl. 76). Lower 


oxides of niobius are formed on the reductions cf oxy-cozpound by hydrogen, (fibl, 


81). 


antalux and niobiuc. ..o calorides of lc.er valencies 


of tanteluz and niociuz are ;roduced curing the jirect chlorinetion of initial 


produets (of tantslux and nioviur, or their pentoarides); they cun be cbtalnet, 


in case of tantylun, turing the reduction of tantalum jertechloride by ealunicum 


and hydropen; and, in case of nicbius, curicg the refzuction of alcbdium 


pentachloride ty aydrogea, tantalum ant niobium. 


~~ 
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TaCl is the black-green powder, dissclving in water and in diluted 
acids (Biol. 82). eC is known in the form of smail, dlack-brown needles, 


isozorphous with TaCl (Biol. 83). TaCl, .s the dark-green power (Bibl. 81). 


3 
“Ely is descricea as the black deposit which is stable curing the heating up 
to the temperature of up to 270° in tne air and in the oxygen atmosphere 
(Sibi. 84), Cave for “Ol 34 tiese lower cilcrices cre vol:tile substances, 


Slicilarly to pentaecompounis. The iit-rature conteins refere:.ces to the existence 


of tantelum- and niobiun cxlorices of icver valencies (3idl. 3). 


ar cides of Tantaluz ani iiobiun | 


Tne pentadronitzes of tantalum ani niodiin, TEuts and Sorta are odteined 
tre ection of sramine verors on retals at texreratures 
ef ATS “-S00" or durin: the ection of ororine on tre cixture of pextoxides 


ant carbon blacks at texperatures of 7G0 - 500°, 


Taor, e<ists in the for: of beautiful yellow-orunge crystals, the salt 


nyirolyzes while dissolving in water. Durice tne evsroration in vacuo, 


AS 


aor, i3 stabie and toes not tecompose. Sie 2 is the red power, 2issolvabls 


n water, alconol and ethyl branide, 


Tne melting point of Tair, (Bibl. 77) equals 229.0°; osofling point - 


> 


ne Ric Camere tare 2 * 14.9 kilocai/role, The melting roint of lbiry 
eveape 


eguals 265.5; polling roint - 741.6 c.1°- A * 15.7 kiloal/nole, 
Mt ws ? i oe ~ , 


“evar, 
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Totites of Tantalum and Niobium 


Tne pentaiodides of *tantelux and niobiun cai: te obtsine? luring the reaction 
between the iodine vi.ors e213 the tantaslur- or niobium fowler heated up 
te 309 + 1500°, The tontelus pentelotide force binck exrstels, sublizn ting 
witout a asco.wnositio:, niosiun _entaiodide is iLighly unsvable, inas.uch 
es it litereces iodine even durins en insimnifieant heating-up (3idl. 86). 


~oth compounds nydrolyze readily in the air. 


The ueltiang point of Paes equals 196°, tne bolling point - 543°; 


u = °9.7 xilocal/zole (Sibl. 86). 
evepe 


varcizes of Tantalum and ijotium 


Tae carbvizes of tantalum and niobium telong to some of the most refractory 
and hard compounds. Tantalum and nicdius produce carbides cf various 
sexeositiens: 7a0 ané ibC, inc.ugei in soze Lard powdered~retal alloys 
(Bibl. 57), constitute the most ixportant cerbides. Toe tantalum carbize, 

‘raC, is the erystallic dark-brown powder; the niobium carbide, JbC, 

is the grey-brown powder witan a violet hue. Scoth carbides are insoluble 

in all the acids, except for the mizture of oxalic and nitric acids. 

The carbides are resistant against tne oxidization in the air during the heating 
up to 1900 = 1100°; they tend toward the formation of nitrides during the action 
of aitrogen or amiuonia. The hardness of carbides, measured on the lohs scale, 


amounts to approximately 10, The meiting point of TaC equals 3880°C, ami that 


of >C - 3900°C, The density of TaC constitutes 14.4 gm/em, and that of NbdC . 


41- 
2 


Feror to p, 190 = 211 for inforration on im ~ C and Ta - C systems. 


sie BF 
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- 7.82 gr/ew, 
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Hyerides of Tantalim end iiobiun 


Tae hydrides of tantalum and niobium are obtained zuring the heating 
of metals in the nydrogen atzosphere. They are highly brittle compounds; 
this property of hydrides is exploite’ in processing the waste of these metals, 
At 800 - 905°, ‘he conposition of ny@riges may very in dependence on conditions 
of the derivation. The hydrides are stable «hile exposed to the air at the normal 
temperatures during the heating, they oxidize to pentoxides, 4s regerds the action 
of cheniesl reagents, the prorerties of sydrides are sinilar to the rroperties 
of pure metals. During tie beating up to 1000 = 12CC0°,in nigh vacuum, the hydrides 2 


Gecompose, separating oxygene 


Complex Crganie Compounds of Tantalum and Niobium 


The compends with tannin are most important among the complex organic 


sormpounds of tantalum and niobium. 


The tantalum complex with tannin has a lemon-yellow coloring, and presipitates 
upon boiling from a weak-acid solutior within the runge of pH#3 - 4. 
The orange-colored niobium complex falls cut froma neutral or a highly 


weak-acid solution with a surplus of tannin. ' 


The difference in conditions of precipitation of *antalum- and niobium 


complexes is exploited for the separation of these elerents in the quantitative 


ee ee ee 


chemical analysis, 


1 
Refer to pp 156 and 192 for information on Nb - 5 and Te - A systems. 
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34 APPLICATION OF TANTALUM AND NIOBIUM, AND THEIR MAIN COMFOUNDS, 


at the present tine, tantalum, niobium and their compounds are applied 
widely in the engineering. The Table 10, whose compilation is based on data 
of the USA industry, makes it possible to gain an understanding of the employzent 


of these elements in various areas (Sibi. 88), 


Tabie 10 ac 
Consumption of Tantalum an3 iiobiur in the USa (in 1952) 


(% of Total Consumption) 


Application Area Tantalum hiobium 


Io the metallurgy: 


stainless steels 26 60 
special alloys of nonferzcus metals - 30 
hard alloys 16 5 
welding electrodes - 5 
In the chemical industry 20 - ; 
In the production of synthetic rubber 6 - 
In the electrotechnicai and electro-vacuum 
industries 25 - 
In the medicine 5 © 
100 100 
*tantalum carbide | 
i 
-43- 


Dee 2+ manele ate ante 2 


Pe eee 


rOL 056/1 
Steels 


tae tantalum and, in particular, niobium are used exter3ively as alloying 
o‘tais in various steels, sucn as extra strong, corrosion-reaistant 


end red-hard steels, 


The diffusion saturation of the carbon steel (with 0.47% of C3} with alobiur 
(Bibl. 89) results in tne formation of NbC carbide and of another cubic 
face-sentered pnass with a 3.53 4, the nature of which is not clear, 

The introduction of niobius increases sucsteutially tne wear resistance 

of steel without any noticeable increase of the neat resistunce, The niobium 
-containing steel is 2istinzuished by an increased corrosion resistance 

in 93% 150), and by the normal stability in 50%@ EN 3° 374 HCl, &5% CoH Oo» % 


24% iin05 and 10% solution of RCL, 


Tre adaition of niobium (or tentaluz) to normal, corrosion-resis*act 
cnromium steels, containing $% of Cr and 0.5% of io, increases their strength, 
reduces to minimum their tendency toward tne air hardening, and decreases 
tugir brittleness after the hardening and annealing. This action of niobium 
can be explained by the stabilization of carbon in form of niobium carbide, . 
owing to which the separation of chromium carbides on boundaries of crystais 


| 
is prevented. | 
i 


Tne experiments in additions of tantalum and niobium tc the stainless steel 
(Bibl, 90), containing 0,035 and 0.07% of ©, cemonstrated that the resistence 
of steels with niobium admixtures to the intercrystallite corrosion is twice 


as righ ag that of steels with tautalum admixtures during 46 hours in the boiling ' 


-u 
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65% nitric acid; 1 hour in the 10% nitrie acid and 3% oxalic acid; 200 hours 


in the boiling solution of te 


The higher corrosion resistance is explained in this case as being due 


to the formation of complex carbides, (ib, Fe)C and (Ib, Ta)C. It was established, 


as a result of a detailed research (Bibl, 91), that the corrosion resistance 
of stainless steele increases most effectively upon addition to these steels 


of niooium in quantities exceeding by the factor of & - 10 the carbon content. 


The addition cf niobium to widely used sustenitic onromiunenickel, 133. 
3tainless “stabilized® steels, containing 15% of Cr and 8% of Ii, reduces also 
to a significant degree the intercrystallite corrosion and protects the weld seams 
apeainst treaking. In order to prevent fully the intercrystailite corrosion, 
tne niobium content in these steels snould exceed by tue fector of & = 10 


tne carbon content, 


‘ie niobium im-roves substantially the creep resistance of steels (bibl. 92) 
with 12 of Si, 13% of Ni, 13% of Cr, 2.5% of ‘Jy 2% of ino and 10% of Co, 
upon addition of 34 of Nb, as well as that of steels with 0.526 of Si, 
10.5% of ii, 19.1% of Cr, 46.6% of Co, 2.26 of lo and 3% of V, upon addition 


of 1.4% of Nb (such a steel is also oxidation-resistant up to 800°), 


The addition of 0.15 ~ 2.5% of Nb to the stainless steel with the compositizsa 
of 0.15% of C, 6.5 = 2.5% of hn, 0.3 = 3.754 Of Si, 17 - 23% of Cr, 21 - 2% 
of Ni, 15 - 5% of lo and 0.5 - 2.0% of © improves considerably the suitability 


of steels for tie aot rolling, apart from increasing their corrosion resistance, 


(Bibl. 93). 
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Tne niobium exercises & positive effect also upon steels containing i 


a still higaer quantity of chromium. ; 


The production of aeateresistirg alloys constitutes an extremely important 
application area of tantalum and niobium. viobium and tantalum. impart 
the required strength and stedility to steels employed for worxing in the range 
of high texperatures. inwany weateresisting materials for gas turbines 
of jet engines, rocket missiles and other similar purposes contain niobium 


(and tautslun) in their composition. 


In this respect, the researc..ers investigated tne effeot of niobium 

and tertelum additions to thé ieat-resisting high-chromium steel with 25% of Cr 
(5159 or Z2Z7), endowed with a coarse-grained structure in the cast state 

(Bibl. $4). The niobiuu and tantalum were added in quantities exceeding a 
by 8 = 10 times and more the contert of carbon (1 + 2%), inasmuch as small os 
adinixtures of niobiun (0.08%) and tantalum (0.17%) cid no* exereise any influence 
whatsoever upon the steel structure. Tne additions of niobium ceuse the formation 
of dispersed sutectie-type separations and the dendritic character _ 
of the structure, while tantalum causes t..e formation of a similar camponent 
oceurring on junctions and facets of grains. In contradistinction to niobium, 
tantaluz does not cause the dendritic structure of steel. ‘hile an intensive 
growth of grains in a steel without admixtures begins at 900° (with 96-hour 
holding), the adrixturgs increase the texperature of recrystallization 


to 1100 - 1200°, 


The ninimum content of niobium constitutes herein 0.52, ani the additions 


-” 


of 1.2 ~ 1.7% Nv increase the temperature of grain growth to 1200 - 1300°, 
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The structural component, decelerating the growth, crystallizes during the heating, ; 


resembling in its character scall carbide inclusions. 


The modifying action of tantalum manifests itself upon addition of 1 - 1.5% (h 
of tantalum; the recrystallization temperature increases, at the same tins: 
up to 1100? with prolonged holding periods, end even up to 1200 - 1300° 
with brief holding periods (up to 4 nours),. In addition, mechanical properties 


of the steel inprove to a substantial desree (Table 11), 


Table 11 


n Relation to the Content of Tantalure ard liobiuxn Adtitions ani the iodén 


of “eat Treatment 


aa V0 RLV TICULAR “2-2” GET OR PE CREST <T77 0 SERRE WA SCENE PRE FT SERSORED OLY OP 
600°; lehour aolzing; water Eco“; lenoui holding; water 
Addition hariening hardening ¢heating at 11009; 6-hour 
nolfing; water namenin 
Zlement Quantity sensile  Frorortional 2elative sensile rrorportional Relative 
% (by weight) Strength Linit, Zlongation Strength Linit, Elongation 
Ke /io kg/cm z ke/mm* ke /om eee 
_ without additions 53.3 32.9 18.0 60.3 hh e2 6.0 
| Nb 0.83 5402 28.0 25.0 61.6 48.2 18,0 
| Nb 652 5309 39.8 18.7 58.4 42.5 > "OLeg 
‘Nd 1,20 65.0 46.9 2525 60.5 4209 2h e7 
' oy 2.00 60.2 40.2 21.5 51.1 36.0 29.1 
Te 0.17 56.2 38.2 25,0 60.3 46.2 20.7 
Ta 1.07 5704 36.0 23.8 68.8 50.8 20.4 
| 
Ta 1.50 57>7 . 42.4 71,0 61.7 45.0 22 63 i 
afgfa 
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Tue autuors of the paper (Bibl, 95) assuze that the modifying action 
of tantalum- 6n4 niobium additioas is assciated with the formation of cardides 
by these additives; the tantalum and niobium, inhibiting strongly the growth 
of grains, froduce carbides with highest melting points. The niobium, dissolving 
in the ferrite, hardens the latter tu a significant degree and inhibits 
with a particular intensity tne reer:stallization and soffening duriug tre heating 
of ferrite steels, The niobiux content constitutes herein 0.2 = 0.9%; 
the pnenomena, induced by niobium, are essociated with the forration of dispersed 
inclusions of niobium carbides. It should o¢ woted thet niobium alditions 
induce tne bighest cesree of noariening in comrarison St > otner uztels, 


or Saronstreted by resuits of the researea (bibl. 96). 


e 


Taus, slloying of the ferrite increases its namierability in har’ ening 
ani its texnpering resistance. The niobiuc atcitions are applied in the producticn 
of special steels for parts of gas turbines, such as the steel with ,% of Co, 
0.32 of C, 0.5% of fn, ©.3% of Si, 15% of Fe, 454 of 4, 19% of Cr, 2.% of Y, 
2.0% Of im and 1.2% of iid, as well as the steel with 46.5% of Ni, 20.5% of Cr, 
073% Of ky 3033% Of Co, 2.926 of Mb, 32520 Of \ and 1.1% of Ti. Toe latter 


is endowed with a good creep resistance at 650°, 


The heat-resisting Steels with niobium and tantalum are also prcduced 
for parts of gas turbines (Sibi. 97). The ferroniobium with 55% of Nb 
and 5. of Ta is employed for the production of such a steel, containing, 6. ge, 
20% of Cr, 20% of Ni, 20% of Co, 3% of W, 28 of bo, Ld of No, 0.15% of N 


and 0.35% of C (Table iz). 
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Table 12 35 
Lastinz Strengtn of Jleat-Resistant Alloy 
Composition of Alloy, % Tensile Strength, 
kg/m“, at 816°C 
Nod Ta Cc N in 1600 hours {in 1000 hours 
1.13 0,08 0.12 0,13 14.5 10.9 
0.58 0.64 0.43 0.14 14.5 10.2 
0.49 0.64 0.13 O14 14.9 11.3 
é 1.047 0.92 14 18.5 10.9 


These alloys are endowed witn a high strengts at 616°C end even at slightly 


higher temperatures. 


Tac heateresisting steel, cuntaining C.25 - C.35% of 5, 16 - 20% cf Cr, 
12 = 363 of 4, 1675 - 2.25% of lo, 6.8 - 1,2% of W, 0.4 = C.6% of Si, 
1,0 ~ 1.75% ef En, 9.7 -= 1.1% of Nb, ue45 = 1.0% of Be and Fe (remmant) 
are also recosmtendeé for the turbine construction (51bd1. 98). The hardness 


of this steel, R, equal 45, is preserved up to high tenperatures. The tensile 


Cc 
strength at the indoor temperature constitutes 123.8 xg/mne, and at 820°C - 


~ 45-9 ke/nm. 


The steels containing 1% of Nb, in addition to cobalt, tungsten, nickel, 
molybdenum and iron (rpin corrcnent), cevesl an excellent heat resistance 


at 732 - 815° (Bibl. 99). 
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The patents (Bibl, 100) describe compositions of a number of heat-resisting 


we Be ee ee 


steels for gas turbines, contsining, e. Gg, 15 ~ 254 of Cr, 15 - 25% of NM, 
10 + 2% of Co, 7.5 - 15K of WM 2 of bn, KS of Si, 0.35% of CS, 0.5 - 3% of 


(vo Ta Ti) and Fe (remant). 


Tre niobium is introduced usually into the comrposition of steels in form 
of alloys with iron (ferroniobium), containing a szall amount of carbon, 
Tae ferrotantalumeniobium, viz. the "electromet" alloy (20% of Ta and 40% of Mb), 
is being recoumenced recently for introduction into neat-resisting steels 


in lieu of the ferroniobium (55% of %b ani 5% of Ta); refer to Bibl, 101, 


In addition to the asove-inticeted alioys, niobium is an inportant component 


vt nizsh-cocrcivity magnetic alloys (Gibl. 102) and of several other steels. 


In bearing steels, e. g. in those containing silicon, niobiim forms 
with the latter Fe Meow, silicice (detecte? also in tne silicon-ricn ferroniohiun), 
woien increases abruptly tne wear resistance of these steels (vibl. 103). The wear 


resistance of the ncrmal carton-rich steel with 0.3 - 1.5% of C also increases /36 


abruptly upon addition of niobium (Bibi. 104). 


Upon additions of riobium to steels containing sulfur, phosphorus and carbon, 
alobiuz experiences the re-liquation anc refines the ingot, reducing the segregation 
of these elezents in the former (Bibl. 1C5). Jron atdition of niobium to steels 
subjected to nitriding for toe , urpoce of procucing a hart surfece, their nitriding 
rate increases significantly, reducing consequently tne curation of this process, 


The action of niobium consists in relucing tne content of active carbon, 


50 
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or in eliminating it completely, thus facilitating the sardening of a nitrided 
steel at a high texcperature without risking the fcrruation of quenching cracks. 
3ne increase of the initial hardening temperature by 59-160° {is per: issible 
for niodie nitrided steels, This enhances the hardness ard increeses the depth 
of nitriding, as a resuit of the transition of niooium excess into the solution 


(3ibl. 102). 


he extensive supplication of niobium in the composition of welting electrcdes 
for the welding of various steeis is based on its proncunced (in comparison 
with other zetals) tenzency toward producing com lex cerbides, whica results 


in toe dinicisring of tre interecrystallite corrosion, 


Tre special alloys of tantalum are used is the industry for employment 
at hicgn tezperetures, for wenufacturing of cutters enidcwed witn higna cutting speeds 
an2 for the proiuction of acid-resistint equipment. Tne ailoys with a tAgh selting 
polat contain frac 1 to 49% of Ta in the cocbination wit: various amounts cf lo, 
a, ©, be, i, Vent? si. In the above-inégicated alloys, tuntelun rey ceplaca, 
conpletaly or partly, tungsten and wilytenuz (24b1. 106), In these cases, tantalus 


is introduced into the alloy in form of pure cetal, 


alloys of Nonferrous vetals 


The clobiuc is ecjloyecd witely, as ac izportant coa;érnent, in s;ectfic 


aliuuinus alloys (of c-raluxinum type), The quantity of nioblu., introduced 
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into tne alloys, is usually low anc constitutes 0.05 - C.lé (cidl. 30). 
I.s action consists in modifying alloys and in preventing formation of a brittle 


ferro-asutinum component. 


Tae afooium 1s used also 4s an elloying etdition to sose cuprie alloys. 37. 


whe atdition of niodiu. fn a quantity of up to 1.5% to corper, brass or bronze 


insures tue retention of sardness st high te: peratures (5ibl. 106), 


.ard Alloys 


he tactaiun carcide, in addition tc tungsten- and titanium carbides, 
is Incorporated in the co:positios of sse orants of Serd metal-cubting alloys, 


vr 
food 


aiso in t.e conpasition of cast turgsten carbices.. 


i2 are faiiiier wita norm allovs on the sole base of only tentaium carbides 


wits siekei or *70.1% as a caro.ricing aizioxture, 


Taz afddtion of tantelun carcile into t:2 composition cf bert alloys inrroves 


substantially tieir cottine 5 roperties,. Tus, accoraing to the tata fa {Bibl, 3&c), 


et 


we aizition of Q2 to tre bart WG alloy cures it rossiole to incresse the rate 

of pig-iron treatcenut by 10%, ard tie atsition of {2 of Tac to titaniun tungsten- 
-cobait Lard alioys of TK tranis inerease. t o'r rete of steel trestrent by ¢ck, 

ne ailithors of tartajus carbite te san titoniutungsten-cobelt alloys 

{nerease also tuecir nigh-tecperat wy oxlistion resistance, Jae authors report 

that cuttiog tools wits *antelus cartlie are entoweld witc a teiter ceat comtuctivity 
tosn the twls of other tyres, sni that tneir tueme@sa expansion is very insignificant 


even juring the exployuect aster rigil conditions. 


cee ee eo 
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i The cast alloys with en aduixture of tantalum carbide (and ciobiws carbide) 


a i withstand the chemical corrosion and are wear-resistant. 


_ Although @ great quantity of tantalum and niobium is employed in form 


- id ; of various alloys, the ajplication of these elements in a pure form 


ae 
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is of a tantamunat importance, The electro-vacuum engineering and the whemical 


industry constitute two of the most principal areas of their application. 


< 
4 
Te emia oe 


The inception of an extensive enployment of the metallic tantalum 


is linked with the electro-vacuum engineering, and with she uanufaeture 


toe me Re 


of yvedioteehniasl, redare and X-ray eqi-ipment. 


The tantalun was employs first as filaments of electris-illurination lempa, 
replacing carben filaments; it was displaced from this area by tungsten. 
Nevartheless, the elackets lamps with santalum filerents surned out in a number 
of sages to be more suitable Shan the langs with tungsten filaments, for instance, 


on raiiroads where ‘more elastics tantalum filerents witaste:c bett 2 the vibrations 


TST man, i Pe ace = 


and bumps, However, these lamps cen operate only om DU. A -radual secrystallization 


of tentalum filaments takes place dvring the apolicst’on of 40 (Bibl. L07)e 


In the mxlern electro-vacuum engineering, tantalum :nd niobium are uscd £38 
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in the form of various parts of vacuum instruments, pe~ticulirly in oscilistiag 


tubes. The capability of tanteium and ‘nfobium so absorb and sold gases unter low 


es 


| 
| 
| 
pressures, combined with high malting peint, l» pressure of vapcrs, 
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low coefficient of thermal expansion, plasticity and a good weldability 
with other satalay renders tantalum and niobium an excellent mterial 

for getters and grids in electron euban, particularly for UHF transmissions. 
The tantalum and niobium are used for mnufacturing of the *hot fittings® 
(i. e. neated-up parts), such as plates, grids, indirect~heating cathodes 


ana other eccessories, AJowever, tantalum is employed for these purposes 


more extensively than niobium.. 


The application of tentelum is reconmended particularly in elestron 


(oscillation) +ubes, operating at high teuperatures sad volteges 


ck anette ee MAE AANA ON AO a ane tg sates COT aa EIN LETTE SY YEE AIT Tn 


with = lasting retention of precision characteristics (Bibl. 107). 


The tantalum 4s not only a ‘getter® for undesirable gases; in certain types 


of vecuun tubes it is used alec for maintaining the necessary pressure of these 
gases, ) 


The industriel application of niobium in this area is apparently restricted, 
at the present tim, to its use es a fixed getter in electron tubes, The niobium | 
is preferre4 to tantalum in this case, because of a favorable scnbdination 
of the therubonic emission, radiation factor and a good spot-weldability. 

The gas-absorption properties of nicbium, used in rectifier tubes with a high 
vacuum, are expressed mre clearly and encompass lower temperatures 


than in the case of tantalum; the latter, however, holds absorbed gases 


at highsr temperatures than niopius (Bibl. 14) 


The Table 13 presents examples of tantalum application in viriow fields 


of the vacuum engineering (Bibl. 23). 


ae | 
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| 
| | | 
= a Table 13 aa. 
| 
| 


' 


a Tanta Eleotro-Vacuun = 
Type of Article Dimensions Principal Modes of Application 
ae | 
— | 
‘dire rod - Br, - 0,005 mm Grids in electron tubes, particularly 
| | in oscillation tubes, Quartz seal-~in. : 
‘ 
| Springs for hot cathodes. Direcb-heating i 
| cathodes in special vacuum instruments. 
: 


Sheets (rough or polished) 0.2 - 0,050 om thick Flates in electron tubes, particularly 


of high-load electrodes, Getter. 


» ; in high-load oscillation tubes. Flanges 
for tne getter on molybdenum- or nickel 
i plates. 
; Drawn seamless tubes BO ~ 0.5 mm; Flates of oscillation tubes. Indirect- 
| thickness of walls: -heating cathodes in oscillation tubes. ; 
| 2 - 0.1 mn 
| Powler fine-grained Increases the radiation capacity } 
{ 
| 


The picture of tantalum plates for various electron tubes- is shown 
in Fig. 7. ‘ ; 


| 
| 

@ | a 
7 : | 
| 
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‘Fig. 7. A Set of Textalum Flates for iigh-Fower Zlectron Tubes, Le 
$ 


Farticularly for Application in Ultrahigh-Frequency Instrumentation. 


Tt should be noted that, in many cases, there is an evident possibility 
in electronics to replace tantalum, apsrt from siobium, also by tantalimenisbdium 
alloys with » varying ratio of mtels. In adcition to tus ebove-imiicated 
application arees, tantalum and niobium are used also in the so-called 40. 
cryotrons, viz. superconductive elements, e. ge, for computers (Bibl. 139). 
4 oryotvon is a segment of the cooled tantalum wire (0.2 mm in diameter 
and 3 om long), on which one layer of the insulated niobium wire, 50min diameter, 
is coiled. The tantalum wire serves as a superconductor, The current, generating 
the magnetic field which disrupts the surerconductivity of tentalum, is passed 
periodically through the niobium coil, Thus, it is possible to disconnect 
the current with the eld of cryotron, reganiless of the direction of this 


current, 


Sb 
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adectrolytic Cansei tare 
‘hen the tantelun (or niobium) §s used a9 sn anole material in acid 
electrolytes, it enters into the reaction with oxygen liberated from solutions, 
producing a stable axide film, poileeousatiy: the passage of current discontinues 
pending the voltage increase, which entaiis the emergence of a new equilibrium 
tates This process lasts up to spproximately 200 v, whereupon the film 


begins to treak down, 


The capability of tantalum to produec stable anodic oxide fils, coxbined 
with its passivity in relation to acid electrolytes, makes it possible to use 
this metal in electrvlytic rectifiers and capacitors. The tantalun-maie 
peanut capacitors are exp loyed widely for trs sting radio stations, 


radar sets and various otber electronic circuits, 


The tantalum rectificrs are used for railroad signals, in telephone 
switchboaris, as well as in fire-fighting =nd other signal systems (Bibl. 108), 


The niobium can be used also as a low-voltage AC rectifier (Bibl. 37). 


It is possible to procuce tantalum capacitors in two versions, namely 
with tantealum-sheet spacers and with a porous tantalum. In the first case, 
4t is customry to use acid electrolytes on the glyeol base, which are onfiowed 
with a uigh viscosity; in the second case, we use liquid electrolytes, 


endowed with a high electric condustivity, such as, @. ge, an aqueous solution 


of lithius chloride. 


Tho silver-plated copper bands are exployed a2 cathodes for sracer-type 


capacitors; in the seccad case, the vessel itself constitutes the electrode. 
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The latter is made of silver, or (in case of « nonpolar capacitor) of tentelum 
(Bibl. 109). 


Tne special feature of tantalum capacitors consists in their small dimensions. 
We are presenting below comparative dimensions (%) of various types of capscitors 


(1 F, 150 v); refer to Bibl, 109. 


Capacitor, paper, tin TOL] de dcieccccsessesnceceeecdeneiceeseceene 
Capacitor, metallized, paper OOO TH COCO HHO CECEEEEOOC ECE SOO OOROEO 


Capacitor, aluninun, electrolytic FOSOHES CEOS SO SEDOS OCH OLEL EO EOS 


Capacitor, tantalum, electrolytic hedeasaedawcsesnesoseeseoeees 10 


Figs. 8 through 10 present a number of comparative characteristics 
of tantalum and aluminum capacitors, attesting to donsiderably better 


qualities of tantalum capacitors which are capable of performing et lower 


temperatures than aluminum capacitors (Bibl. 109). 


The tantalum capacitors have a very long life. Their service life may exceed 


12 years (Bibl. 36). 


Fig. 8. Leakage Resistance of Various Capacitors 


lagend in Fig, 8: 1 ~- leakage resistance, decresse, %; 2 - passivity period 
{at 50°), hrs; 3 - tentalum; & - aluainwm, 
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Fige 9. Fower Factor vs Frequency Curve for Tantaium Capacitor 
Jegzen@ in Fig, 93 1 - power factor, %; 2 - frequency, Ko/sec. 


Fig. 10. Capacitance vs Temperature Curve for Tantalum end Aluminum 
Capacitors (1 Ke) | 
Lesend in Fig, 10: 1 - decrease of capacitance, %, frum the rated value; 


2 ~ temperature; 3 - tantalum; 4 - aluninw, 


Chemical Industry 


The tantelun and niobium, combining favorably the corrosion resis tance 
(particularly in acids) with the strength, plasticity and heat conduction, 
ate being used, to san ever-increasing extent, in the chemical industry, 
The tantaluminade part: have a practically unlimited life time in many 


chemically aggressive media. 


In contraiiatinction to numerous metals applied in such cases, 


which lose rapidly their heat conductivity as a result of a corrosion film 


waL 66/% 
foraing on their curfecce anf poorly contusting the heat, no oush phenenenen 
hee been observed in ense of tentelun (Bibi. 96). 


~ 


4 considerable expansica of the tentalum production, neved seoratiy, 
is linked mainly in its growing we in the construction of ehenteal equipment. 
An ever-increasing nuuber of chemical plante is being equipped vith tentelun 
hardvare. Thus, a8 cerly o3 in 1942, 805 of Amerionn acid-produstion planto 
were outfitted with the tentalus equipment (Bibl. 110). 


The tentalun is used fer the production of spiral tubes, ccafensers, 
pipelines, valves, mixers, :erators enf other parts of the chenfes] equipeent 
(Pig. 11); refer to Bidl, 140 anf 141, The tantalum is applied quite often 

in the ehemienl industry in ecnbination vith plesties ani eeramicn. Thin sheets 
of tentelum are used frequentiy for platiag the appropriate parte of equipment, 
made of conventional astals and ellaya; the tantalum coatings are alse applied 
(ig. 12). 


Fig. Li. Quadruple Tantalim-Jhés “Wigs 32, Tantalun-Gcated Mime 
Spiral Tube for Heating of Agsreesive . 
Satie. 
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The tantalum is used most widely for the production of heaters and condensers. 


ae 


(Fige 13). The pipelines are made of tantalum less often and only in cases 


when it is extremely necessary. 


T.e tantalum is employed for the production of equipment subject to the action 
of hydrochloric, sulfuric, nitric, phosphoric and acetic acids, as well as 
of chlorine, bromine, hydrogen peroxide, petroleum derivatives, etc. The Table ly 
presenta examples of industrial operations in whica the tantalua is used 


as a structural material (Zidl. 112-- 115). 


Fig. 13. Tantalummade collector Leater fcr an intensive evaporation i 


of aggressive liquids; the bottom picture shows the welding of tantealus 


TS NTE CR nme 


3 
{ 


pipes with the collestor, 


Table 14 


Sydroeklorie acid Heaters end condensers Distillation of chemically pure 


hydrogen cshioride. 


in separe*‘ion of fractions. 


bi cmonium chloride 


u Iron chloride 


‘ Methyl chloride 


Zthyl chloride 


Fonochlorobenzene 


aliphatic hydrocarbons 


anino acids 


deat exchangers 


deatera 


Condensers and pipes 


Heaters 


Adsorbers 


Condensers and hee ters 


Heaters ani conis:sers 


Derivatica of pure Na,S1 
in reaction of chiorine with 
amonium, Concentration of mother 


liquors in crystallizers. 
‘eating of solutions, 


Fouring of methanol and hyiro- 
ehloric acids into resctors; 
elimination of acid 


from the desiccation equirasnt. 


Chlorination of alcohoi, ether 


or ethylene. 


Condensation of vapors 
issuing from the reastor 


for shlorination, 


Catalytis reections 


of chlorination in liquid ; hase 


Treatment of organic products 
by aydrochlorie seid. Zwaporati«: 
by aydrochlorie ecid from treete: 


mass, condensation of esid vapx 
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Industrial Product Zquipment Operation 


Bromine. : eater ani condenser Derivation of tromine 
| in separation of fractions from the crude mixture of bromine 
end chlorine. 
| Petroleum derivatives Condensers and hest Heating of ethylene bromide; 
| exchangers. | derivation of monechlorobenzene. 
| Sulfuric ecié Heaters eating of etching solutions. | 
;  &£>hyl alechol Heaters and condensers Dehydration of alcohol | 
g ; by sulfurie scid. | 
Nitric acid Farts of centrifugal "4h. | 
; pumps; condensers; heat : 
| : exchangers. 
| 
| Ammonius nitrate Heat exchangers _ Heating-up of nitric aci¢ i 
prior to the reaction 
| of neutralization by ammonia, I 
: 
' Organia nitro-derivatives Reactors, Lined up Evaporation of large volumes } 
| vi th: Gentalia ohwetos of the mixture consisting ; 
of solutions of organic: products 
; | containing 308 of HNO, 
| and up to 5% of HCl, 
¢ Saas aces : 
e 
| “6% | 
| ’ 
{ 
coy ee ee SF SR ere te ON eee tO ee Bayes 
a ee eae eS Oe ee 
ee 


Industrial Product Equiyscat 
£ Phosphoric acid Hest exchangers 
% Flectro-plating Heaters 
: operations 


? products of wood pulp 


Fharmaceutical products 
Hydrogen peroxide 


j Dry-distilletion 


Acetic acid 


- 


aromatic products 


% for cosmetics scape, ete 


Heaters an4 cordiersere 


Ses 


Heating eieren’:e 


of distillers 


egters 


pease; anf condenzers 
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Operation i 


a ees - 


Heating of phorphuris asid 
(with e lew content cf fluorides) 
in orler to eliminate sdimixtures 


Feasting of colutions 


e? eisohole with inorganic ecids 
Saxe 


! 

Distillation of hyiroger peroxidy 
7 | 

i 
j 
Distiiletion of the technieel 
acetis esid fran initial predusts. 
Deriv.tion of pure seid 


from the industrial eeid. 


Evapormticn and eonfensaticn 


of bigh-belling argenie esida 


of nic“ium are use in the chemical iniustry. 


ob. 


Operations dnvolving mixtures | 
H 
4 
} 
4 
d 
} 
i 

j 
Apert from the meteilic tentaium, chrcaive-nickel steele with es addition 
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The prospeets of using metallic niobium in tie chemical industry £79 highly 
promining; the wetellic niobium is endowed with anti-corrosion properties 
approximating those of tantalum; however, its sp oifie w ight ia elmet 50% 
lower than that of tantalum, which means that its atruetural strength 
is practically twice ac high. Apart from th, alloys of tentalvy ané niobium 
with various tantelumto-nlobium ratios, preservice valuable properties 


of bcth these metals, sre iaportent for using in the chemical imustry. 


Sowever, the application of. these two netals in the chezicai industry 
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is restriste’ in several respects, resultant from the lower carcosion 


resistance of matals to the astion of highly ccxcentrets? sulfuris 


au 
= 
as 


ané poosphoric acids at a high temperature, &2¢ well us to the aetion 

of tke oxalic asid dissoiving rapidly tho metals. The santalum oin be used 
relatively safely 4n the work involving 4 consentrated culiurie acid 

at temreratures not exceeéiig 16°, ts well cs 4n the work with a concentrated 


phosphoric acid at texperatures up so 145°, The toanteius is not applied 
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ja alkaline solutions, although it is relatively resistant to the action 
of dilutea selutions of alakiia, prowiding that their action is not fosused 


in one placa (Bibl. 36); refer to tle Tebls 8. 


The tantelum is highly sensitive te the action of fluorine and its ccmpounts 
in almost any form at the indoor temperature, In the shemicel enuipuent, 


where the pieeunes.42 chlorine iv sot exciwied, tentalvm is used st temperatures 


SO. 


not excseding 150°, Is 1s also noseseary to avoid the ection of @ rres y 


axd, partioulariy, of hydrogen on the tentelim (Aibl, 115}. 
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The use of oils and hot gases 45 heating media ie not recommnied 
in taxtelum heaters. The efficiency decreases significantly when other 


heating media, epert from the vapor, are bein; used (Bibl. %). 


Jn afdition to ingtances deseribed above, there are also many other cases 


of the uyplication of tantalua and aicbiun as corrosicn-resistent materials. 


The tantalum f2 used, for instance, in chemical ieboratories for the production | 


of dishes, spatulas, mixers, rods, filters, funnels, ete (110), 


The élaphreges for regulating and batechizg valves are alsn -ade of tante2un, 


The water-purifying stations, 6. Sey use such valves to control the ficw 


of chlorine (Bibi, 36 and 120). 


The tantaiws is used as a platinum substitute for the »roduction 


ef standaris for higherreeision smell analytic weights (Bibl. 110), 


The tantelum and nioblus (partisulsrly, the lettez) can be used 
as a geristirel material for the vork with the molten sodium, or the solve 
-potassiia mixture, whteh are usec as coolants in some typos of nuelear 
reactors (Bthl. 116 ané 117). oe 


Tae corrosion resistance of niobium in moltea metals, combined 
with the absence of interaction with uranium up to 900°? and a low coefficient 
of the sherml-neutron capture, proffers the possibility of using niobium 


as ® structural msterial to produee covers for beat-produsiag elensate 


employed {nu nuclear fast- ani therani negtren roactora (Bibi. 116). 
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The tantalum is used for the production of dental end surgical instruments 
end, particularly extensively, in the restoration surgery. The tantalum 
te applied in the suturation and also for strengthening the walls of the abdominal 
cevity which are still weak after an operation (Bibl. 119). The cranial injuries 
aro corrected by means of tantalun plates; the damaged small bones can be 
replaced by the tantalum wire snd narrow strips, « thin wire is spliced 
80 eB to render the seam strong and flexible, The tantalum thread and meshwire 
is used to replece the muscular tissue, a8 well as the basis for the growth 


af a new tissue; a thin tantalun wire is applied for the neurosutures. This Lu: 
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application of tantalum in the aurgery is possible because this retal 


oauses absolutely ne irritation of a live issue and remains inactive 


sed tes, 


even after a prolonged action of the liquid medi'm of a human organism 


on tantalum (Bib2, 110), A similar application of niobium is also know (iib1. 30). 
Frofustion of Synthetie Sids 


The manufacture of drawing dies, used in the production of synthetic-silk 


eee cata ee 


yarn, constitutes an important area for the application of tantalum (Bibl. 120), | 
' The capability of tantalum for increasing its hariness during a heating 
in the atmosphere of various gases is perticularly useful in this respect 


for atteining the wear resistance. 
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The tantalum is used in the jevelry as @ platinum substitute. The property 
of tantalum to acquire a coating of the iridescat oxide film facilitates 
this purpose, The tantalum can be applied also in the mnufacture of timepieces, 


bracelets, etc, 
The tantalum is used also as an iridiwn substitute in the production 
of tips for fountain pens, 
ar at Tv: 1 v 


We have elready diacussed the application of tantalum and niobium compounis 
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(see pp 31 and 37). smong other compounds, potassium fluotantalate ia used 
as a catalyst in the production of synthetic rubber, and niobium pentoxide - 


- in the infrared photography (Bibl. 121). 


The tantalum ané niobium oxides are employed os catalysts in sous chemical 
processes (Bibl. 122 and 123), particularly in the derivation of butadiene 


| 


from ethyl alcobol.(Bibl. 124). They are used also in the manufacture 
of special optical glasses with a high refraction coefficient (Bibl. 30). 


The mixture of tantalum pentoxide with a small amount of iron trioxide 
is recommended for application in order to speed up the blood coagulation. 


| 
The niobiun- and tentelum hydrides have found recently an inmportast 
application area in soldering of contests on silicon semiconductors (Bibl, 126), 
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The tentalum and niobium sre rare, precioun nuetals. The prices for metallic 


 tantalue and niobium in the USA, the main producer of these metals wunong 


capitalist countries, constituted,during 1953 - 1955,130 - 140 dollars per 1 kg. 
The dynamics of prices for niobium and tantalum in the USA (Bibl. 127), 


expressed in dollars per 1 kg, is show below, 


Years Niobium Tantalun 


1940 secsccccccsscceccesccscssecces 5008 = 560 143 - 160 
1948 - 161 Seeagsdecaccenieie aD eS 143 - 160 
1553 sececacccavcccoccossecccsncese 190 | - 

2955 sccccccccccccscccccccccceveccs = © 93 = 137 


The high prices for thes@ metals are determined primarily by the cost 
of the raw material, and also by the com:lexity of technological processes 


involved ig the projuction of these metals, 


Ths prices for tantalum concentrates ramain more or less stable 


during several years; 1 ton of the tantalite concentrate was quoted in 1939 


at 2000 - 3300 dollars, and in 1955 - at 2400 = 2750 dollars. 


*The lower figure refers to the metal in sheets, and the higher one - 
- to the metal in bars; the price for niobiim in 193 (130 dollars per 1 kg) 


is related apperently to the metal in sheets, 
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The prices for niobius concentrates increasel abruptly during 1949 - 165 


in conjunction with the expansion ef the profustion of heat-resistant alloys 


ani steinless Cr-Ni steol with niobius for the rocket missiles, jot afrereft, 
ges turbines, nuclear reactors and the censtruction of chemical mehinery. 


The prices for the columbite concentrate, containing 50 ~- 70% of Mb205 # Te205, 
in the USA (Bibl. 127) are quoted below in dollars per 1 tons 


Years 
1940 cececcecccsess 210 
1GUB .cossessseeeees 700 
4 1950 sescseceesvesemrle 


1%2 eocccessccccce jeu 
1955 occccccccce vce 14OOPF 


~ 


In 195, the output of niobium concentrates expanded in many sountries 
and becam, on the sie. li times higher then if 1954; at the seme Sime, 
She procurement for strategic resources of tie USA was discontimed, 
As & remult, starting with the secom bhelf of 195, the coluxbite concentrate 
dDecome marketable without restrictions, ani its prices dropped rapidly, ; 
as it is evident from the folioving figures (dollars per 1 ton)s 


*eThis sum includes 100% oxtre eharge, peid by the USA governmat 
in addition to the basic price (end of 15h ~ beginning of 1955). 


fee oo MCL 656/1 
-_ baa "yt omy 1955 sabeeseeaes eee - $050 

| <n Sonne nena a” 2 

| September 1965 secccceceserseesessess 3250=2060 2900 
Nowember 1955 seccecccsssecseseeeneee 28602500 2730 

| = Decenber 1955 vccscccssccccscseveccee 234021950 2275 

| Vay 156 sescecsccccsscsccssccnccesce 1G 091650 : 


Nevertheless, the prices for colimbite continus to remain high. 


In capitalist countries, the proiuction of metallic tantalum, niobiun 


& . and theSr alloys is centralized mainly in han’? of monopolists of the USA 
: i / 
and England (to a lesser degree, of Yest Tormany); at the same time, the productior 
i : ’ 
of these uste's grove repidly (Fig. 14). 
e = 


Fig. 14. Growth in Produstion of Tentelum and Tantelus-Containing Products 
during 1947 - 1955. | 
lesen ia Digs lds 1 - increase of production, £ (1939 assumed for 100%); 2 - year 


-h- 


BCL 656/1 
The production of 60 - 70% tantalite-columbite concentrates in foreiga 
 eountries is sham in the Table 15 (Bibl. 88, 126 through 134). 


y 
 & 
& 


a Years Jest australia USA (columbite Nigeria Congo lays 
(tantalite) and tantalite) (columbite) (tantalate) (columbite) 


NOPE, All the figures whieh have not been merked in s special memner 
designate the totel production of tantalite ani ecolumbite coscsnatretes. 


*The total production of tin-tantalite-columbite concentrates, 


f 
4 
| weL6s6/I od 
. Apart fron these basic scurees (exeluding the USA), sume amounts 
! of tantalite and solusbite concentrates are produced in Sout Rhodesia, 
Southwestern Afries, Ugende, South Africen Union, French Equstorial Africe, /50. 
| Vedagescer, dozanbijue, Bolivia and Brasil, F 
| The USA, whose om output of tentalite and columbite concentrates 
is negligible, is the principal importer of these products. 
| 
Tne date relative to the impat of columbite concentrates in the USA i 
during 1941 - 1955 are produced below (Bibl, 127 end 134): if 
t 
” Years Tons Years Tons Years Tons 
1940 eoecse e 1945 eeeoe 41999 1950 eeeoee ree’ 
1941 eccces 643 1946 esecee 1083 191 eocece => 
| 1942 @ereqgee 787 1947 siete 1259 192 eeseee goo 
1943 00002059 194B wece> 882 1953 ecsere 1722 
1984 wocccelbaS 1949 eeoes £95 195 eeovese 4358 
-Ta- 
bch ee ee ees ee Sieese . S Pe : moh 
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Chapter II | fe 


. 
MOMEAALS, ORES AND CONCENTRATES OF TANTALUM AND WiDRToy i 


this ahead a Glgthuibied, A:y62, the’ eumkak Ot Se and Wo iw tie sake 
crust comprises 2.1°10"% for Ta and 24-10% for Mb. The ratio it/Ta averages 
a, 7 

the proximity of the chemical properties end the homgene . dimenrions of 
the ion radii af Ta and Mb (0.69 A) contitions their chemical affinity, geasral put- 
icipation in geol:.gical processes and their combined occurrence in the sew minerals. 

From the position of Ta and Mb in the periodic syster of elanents, thers 
also follows their geocharical #ffinity with many clawents, especially wth Pe, H, 
rare-serth elements and U, Th aad 2. 

Widely distributed in nature are the compiex compounds tantale-alobatse and 


by titeniua, wile U, Th, ani rere-carth elements (Ti) may be displaced by sodium, 
potasaiua, calcims ste, 

u A large pert of the minerals of Ta end Tb are represented wainly by complex, 
: and to a lesser degree, by simple entyirides, which (in the sight of. recent crystelle~ 
chemical ressarches) are regerded as & oxides of the type AMi,, Ai, Ai. I), 4 BX, 
ond ABA,, where 3 Ba, Ca, Sr, Po, Ms, TR, 0, Th, Po, My B> Mb, Te, Ti, Po, fry 
x20, OM, F. . - 4 
seWiae infericr significance is powseenmi by allicstes, eomtaining Ta aad HD 


aisixteres in variows aiuerels of Ti, ir, im, Wets, for instevcs in Lisette, parev- 
axite, sireem, sassiterite, salfranite cai ethers. ‘The forz af the cocurrense of fa 
and Mb in these ainorals is uct slugs clear. Ustil resently 4 was considered thas 
te and > cocur in the fora of as iscrerpkic eduixtare te the exystallins lattion, bab 


. a 
th 


aitanc-tartalo-mfiodates with J, Th, TR, where Ta anc Mb may be iscmorphically displaced 


. 
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ss - ze BES poeta tte : 
poe y ¥ ee vee 
recearches 4m recent yerra acve shows that in a wesber of cases an inerensed eumtast 


of 2s aad Mo, eapscialiy ia censiterites, ic coemceted with micressople inpuritics 
(4ncluctena) of intividual! se< ninorule ef theese slants. 

A significa differsues in the goschenieal history ef Ta ond Wb consists 
dn that Pa conccatrates is, comercial exoumta caly iz grenitic poguxtites, wharees 
nickina deposits are ascoriated with diverse rock types—grenites, nephslime [52 
ayenites, pogeatites, carbonatite: aud otha AM/. 

Tre are moro then 1X minera:s containing Ta and Bb, bet of then only 80 
com<htate tantalic or nichic ninerels; in the remainder, both thoss clemeste ere 
present in the fem of adeixivrse. 

fho wos? inprrtet industrial minerals of tentalus and nickime are: eolubite- 
tavtahite, prrochiore~wicraiite, ani loperite, Buxenite, thorclito, aimpsonite, ilmenc- 
rutals, se voll as tantalvre- and nichiwe-conteining uineralo—Limenite, rutile, parce 
skits (dismelite), titeniie, cassiterite and wilfreaite are also sonstizee urnd. 

Gaivaddte (Ze, Melb, Ts) 6 and tantalite (lin, Fe) (Ta, Me) O are repeveast- 
stivca of a series whoss axtrame nessere are purely uichic and purely Santalic variants. 
Se snagmy is chobic, form is lamellated, disco or short-colimmer, rarely ecieular 
agit inemetzis., Tantalite sometimes hos apieslar ard dipyranidal foxes. ‘The hardness } 
of solewbite te 6.0, and of tantalite 6.0 - 6.5. The eprcitie wigs, tran 5.2 fer 
cnlumbive to 6.3 for tantelite, is directly dapendent upon composition, in yartieslar 
wp. the content of tantrian, Color is Neck, with greyish (for solumizite) end rd- 
dich (Zor tantalite) bee. The glitter is semimstaliic, snd is piteh-Like weere broke, 
in pasaing lickt and in thin fragnents, the minernis reficct a redAidrus.o ecler, 

Beth minsrale are parmmgnetic, wherein, in dependsuce upon iree soutant, 


he eae et el ah ETT wt th APE 


escodute bresis dom in sulfuris acid, +4is tantelite hanily changes. Is bydrefluaris 
Std, colser ite decomposes slowly, and iantalits even more slowly. 


2 
§ 
i 
| 
Colusbits and tantalize de not ‘scompose fn hydroeblorie acid. Upon beating, 
he 15 | 


<3. 


Theoretically, the Uh, Gysoatart in oalumbite sy reach as kigh a0 82.75, 
viile the content of Ta,O.in fantelites can g up ve 86.1%, Mevever, im renitty 
the composition of uinarals of the group eoluivite—tentalite is ineonstamt, even . 
varying tz within the limite of ane dcposis, : 

Below ws pressct: the Stutinvef the contents of oxides in mais eolmitte- 
tentalites, =% — ar | 
M205 sesscseseecnseeSeOh—PRRA08 Pe, seoscverecee CeCe Da 
TAO cenccvcceccceetel bed FeO cccesecsccenser CoML 


Sn, Te 0.5% Wo —sesvccsesevene Relbd Se 


: é 4 Coe ea Pee Se Sete ey ee ee eae Oh a Sa T Ti ihe, a 
é ET a Ce 
a CPS Tr 


SHMPSEOCHHCOBIION 


a, @vegrsgegenvscee Trecea~<6.78 Ng 960600602968000 0.28-—03.72 
ar0. soasescvoeevescs CO, - CA cacccseseocasce Ged. 55 
S05 ocoecescccasenzes Dehbun] a EOF Ha,0 reseccseo TO MRS 0.68 
41,0, er ccensesceseese C58, 7h hg 0600060000688 6.61--0.48 
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aes : a aks! d INO at 5 satis tee 2, on eee Te 
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Hin in match cclushites, and of Mn over Po in tantelites. Moreover, in these alzer — 


TiC, Wy, 26, “~" Ms 


1 Ae hE amc 8s eae ‘tenes 


ani UO,, s9 wall as of Gad, Meh, eae 
The presence of admixtures of other elewmts ic explained 
of cassiterite, uraninite, ciriclite, sireon, muasite and siereMite. 
There are two sangeniferous varlante of asin eclushite and tentalite—emely, 
angeno~colunhl ngmmo~testrlite, and one urande variant of ccluhhte, 4.6. 
toddite, containing up to 10% U content. 
the practical importance of minerals of this goup ie very great. Tautalite 
coustituies the sole sourse wf for obtaining tantelam, and colmebite is cae of the moet 
importent ecurces for ize obtadnemt of nishivn. = 
Pyrochlere (a, Ca), ¥h,0/P ani ulerclite (ia, Ga), Ta, 0,7 
treme roprecutatives of the serles. Syngeay is eunis, fom 4s estaheiral, rarely fia 
B= 7¢ 
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tho tom of ivregilar mesees and grains. Serdscee is 5.0~5.5. Depending wan Te 
eoukext, epocifis weight varies from 4.2 for pyrechlers te 6.42 for alerolite. I 
retin ont ether changes lear the specific walght to 3.6, witch again increcsse 
during calal nails, : 
ss caledadppsstlNas gu linus lew Weeday veka maces aa eataais said 
of yellow the oclor of misrolite ranges from Light yellow to brow; commtiues 
hyacinth-red, olive, or green. In thin fragamtes and in nlicrosecticas, pyrockiure 
end microlite are trensparent, coloriezs or faintly colored, 
Pyrochlore does not dissolve in hydrochlon~ic acids at prolonged boiling 
in sencsentrated sulfuric acid, it dissolves. Dissolves well in/fluoric acid. Basily 
coulosces with 3,0, and KIN,. 
e Composition is inconstant. (Table 16) but the content of Ta 0 in pyrochlores 
dees not exceed 10%, while the Mb,0, content in microlites dees ucta exceed several 
porceute. | 
There axist many varisnts ef this groups marignaite, happite, hatchettolite, 
tantalohstchettclite, jalusits, nectantalita, chrcebrte (sp ”; clewrthite (ap 1), 
medeleyevite, betafite, titancbatatite, as ati and dlomatrendite, 
bosscklis-e\ Gs Ginsvol Gua Genk duoc? sadualcial cones of Giadaes. 
| lovexite (Ha, Ce, Ca, Sr) (Mb, M) OG, . Syngony is cubic. Form is cubde-cote~ 
; hedral end ectehedral. Hartiness is 5.5 —6.0. Specific weight is 4.73--4.99. Color 
| is black, gis very rarely trowisn-red and groenish-brow, In thin frageents and 
| 
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wmicresections, glitters with « tro.~“.t-red-color. Slightly parazsgoetie and [ke 
vary slightly radioactive. Dissclves in hot concentrated sulfuric and hydrofluoric — 
acids. Becomes identifivhls when fuscd with KHSO,,. 


& . 


* Spelling not csatirmed - franslater. 
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37.5% orl .69 | Traces] . 74, 


| Oy | 
O56 | 66.435—77.0 [| Wy OAS—10.68 | 0-199 
10, | 0.09-3.7¢ | — ff mo 0.02114 | 0-53.64 
0, | 0.69~12.25 | O18 |] up 0,160.55 | 0.07038 
SO, | 0,250.55 | 0.8—be0 Mo | Treces—2.16 | 0607.70 
t0, | 0.5—w99 | = can 2.82—20.01, | 10.40—15.08 
| TO, | 0,269.28 _ x0 0.0b— 2.07 ~ i 
woo, | 0.36490 | = a0 2.52—6.93 | 1.66-—5639 
L000) | 0.661353 | 2.1742 ff Ro | o.47—I2.55 | On—5.70 
L%.0, | 0.2h—11.34 00.23 P Ohba. |  O-2.85 
Bi 0, ze 0-93.25 | 


The composition of lopsrite is characterized by the constancy, in St 11.06-— 
TLehB (Mb, Ta}, Op, 37-22-39 .2h THO,» 32.3O—Nee6L J TR, 0,060.72 Fa,9,, 0,72 £1, 05, 
0.20.72 S40, » 0.55 TBO, , ia Jens CaO, 0,260.75 K.0, 7.88-~9.06 Ha,0, remaining 
elemests 0.32. yd . 

Rumnite (¥, Ca, Se, J, Th) (Mb, Ta, T1),0/. Syngony is rhowkis. The form 
is thick-tabuler, finaly prismatic. Haninecs is 5.56.5. Specific waight ia 5.9. 
Color fe durk black, yellowlab- and reddisn-orem., ireasparcrt 4” thin fragente, 
Electromgetic and radioactive. Uscomposes slowly ia KHS0, and hot concentrated 
hydroshLoris, hydrofiueris ani sltrous oxida, more felly in sulfuric seid. Yuoos with 
ERS0, xd £, 9.0). Couposition is inconstant, $s 363—U7.43 WO, Omb7 51 TE, O54 
2$.17—=25,68 TO 1, 5 13 22S oh5 (X, Be) 0,2 Goble Bhe 5h (ce, te), oO. 0.97—~lh.10 Be 00, 

i* af 
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hoiabacn treet. 96 By Cobb t86 on, 

Ratie (B» - ta) 2 TL = Sem, pate 

Therelita Aofs, O,. Syngony 1s moneslinis. fe here, eee 
formed, Mardnoas 6.0. Specific weight 7.6~7.9. Color brows: sayin t 
fvegrembs, 

Seapesition io fsirly constant, St 72.83—77.59 a, Ope 2186-—22.41 Sed,» 1.85 
A1D,, 1.08 AI,0,, 0450 Py, Oy, 1.28 Cod, 

Stmpeomite Alfa) . Syuguy is bexegonal, Form is tebular or short~prismatic. 
Hardness 7.0, Specific weight 5.92-€6.70. Colorleesto browish. Trensparent, 
faintly tigted. Composition is subject to g-set variations, St 60-00-8625 Pe 

0.326.035 ib, 0, 0--0.02 THO, , 1.08.01 S10, G--2.0 Sx, » 9.16—0.82 Feb, 0.12 
3.48 Cad. Occurs in granitic pegutites, 
8 - Tmenoratile (TM, Fe, Mb)0,. Syngoay is tetragmal, Form is prismtic, often 
eciouler, Hardness 6,0—6.5. Depending on Ta and Nb content, specific wight varies 
fros 4.2 to 5.6. Color black, not transparent in passing light. Mot soluble in acids, 
oven in power form, Diffloulty went: detected by fusing with X,8.0,. 

Composition of ilmmorutile is distingzished by great inconstancy, $s 36.2) 
65.28 T10,, up to 42.66 Wb, 05 up to 36.0 Ta, 0, up to 2.6 Sud, ; 5.0 Pa, 0), up to 
15 Ped, Ohh 2,0. 

The natty of Limmorutile is still odscure—it is hypothesised thet this is the 
product of the dicintegration of a salid solution of ilmenite end rutile, or is o min 
eral. of the group of tentalite, or a mixture of minerals, i.e. of rutile with moesiia, 

Xiaanite FetlO, usually contains (Nb, Ta), 0, in quantities of the order of 
bandratths of s percent in the ratio Nb: Ts - 10. Jn places the content of (Fb, Ta), 0,. 
Sa ilmenite incresess to tenths of psron.te, rerely to whale psroarts. 

Rutile TiO, sometines costeins variahic quantities of Eb ani te, forwing trun- 
citdonal naabere to tte uiskia warlente, 4. 0, tr Semoretile and to tentalts vartent— 
se a Vo O5-win roan Taso wy 23%, 
ik. _ A ee 
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The michic variant ef peruvekite—d. 0., disemalite (spt), contelning up to 22.738 
Mb,0¢ ie copecially:valushle, = ne 

Sphene CuTisiO uewally contains wall ancente of Mb and Th tat, in oortata 
oo ee eee ee ey ee ee ee 
2) 0. 

Casaiterite Sxf) af dark shades alwys contains (ib, Ta) 0 in virlens 
amounts, varying (in #y dependence upon the genesis of tle deposit) ap from “2eeve 
wp to &, | 

Wolfranite (Fo, lin) WO fron y-viows deposits contains (i>, Ta) 0 in = 
counts ranging from 0.005 to 2.22%. . 

Deposits of tantalum, reZating to but cus gemstic type—i. ©. to grenite peg- 
natites, ere known cnly in several regions in all. The largest deposits of this 
type, the Pilbara (Austrelia) and in Bresil, consiste of a series of dikes compe. 
of qaarts and feldspar, containing a fine impregatica of tentalite, acconpunied ly 
colmmbite-tantalu, casaiterite, end beryllium. In the sonee of greieenieatien 
(conversion to granite), the tentalite content increeses comelderebly. 

he FD Sereeite as ee erate ae ee 

Magiatic deposite of Kb, associated with grniteide, are know in Rlowte 
(Jes Plateen). Thay arc maseife of biotitio ad ribekite (sp?) granites, ~xtein- 
Sng as accessories columhite, and also sirvon, thorite, cessiterito, Limite, more 
rerely xenctiue and wnasite. Colwabite is very fing, ia sises from 0.074 to 0.15 
ma, rarely up to C.5 am. The cclumbite content comprises 0.002-0.01%, and in 
eroded. sectors it increases to 0.25. Ores of this type, although poor in scatent, 
Fouarvez. 

the pyrochlore granites of Bo, Wigeria coutein fine, ef the onder of 0.05 ua, 
hicea fuck aa Se gusahlans. bereiy Comes el copalions Im esa of the depeaite: in 
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the Kaffe River valily, the 3o,0, coutcut reaches 0.206 and the reserves are” 
estinated at evvereal tens of millicns of tems. in semana) axtraction of -ore- 
chlere anvunting te several tens of thopsends cf tons (1357 is noted. 

Leparitie nepheline ayenites am occur ca the Kela Peninsula. Loparkibe 
foras 0 fine (0.05 to 1 ma) but unifors impregnation in various rocks of neph- 
line syeuite ecaplen~dn egyris maligzites, injavrites and urtites, oocerring 
in the form of thin but very enduring sloping strate. 

Perovekite ultrexial alkaline recks refer to the olivinites, pyroxmites, 
neghelenic pyromonites ete. in which titanc-eagwetite end perovskite, containing 
(B, Ta), 0¢ in the ratio Mb: Ta - 39, forms impregutions end pockets. The 
basic metals are Ti and Fe, while the accessary ones are Mb and rare earths. De- 
posits of this type heve local distribution, being know on the Kola Peninsala, 

Pematitic deposits of Hb mz cocer widely in nature and are associated nain- 
ly with granitic, cal to a lesser degree with alialim, mages. They are know 
in many regions: in the Trensbaikal region, the Sayens, Urals, Turkestan, Xola 
Peninesvla, So. Dakota, Hew Mexico, SW Manitoba, Norway, Sweden, W. Chine, lMongol- 
ia, W. Australie, ate. 

Deposits of this type are ve‘ or lens-lLike bodies with « thickuess of over 
25 m vith « length of up to 1 - 2 km consisting of faldspars, quarts, muscovite 
with on irregular, in geoerel loan, impregation of Mb and Ta sinerals, including 


by the minerals lithiun, seaiua, tin, beryllium(spodemene, eabligosite, pallucite, 
sesciterite, beryl). 

Tantalo-uiobates are usually involved together sith other zinsrals (spoduncos, 
palleeits, beryl) er iocidentally in tho developuenrt of psgeustites fn eccrmis raw 
material, At tha single deposit eslled Bere-Bally (G84), where the tantaie-nishis 
mineral (emuxxite) bes independent importance, ome can extract arcwad 450 tons of 


riotis concentrats yeariy. 
8! 


Nene simmtal oreR RENE apni | MEL AL mee Be 


4 
Bi Ann 0 te elit anaaeaaced Dehn mta lalla) Aas detection «in 


{ 


Peputites of aikaline rocks, associated with nepbalinte and bMotifregyria 

‘pyerites, contain om impregnation of phyrochlore, sircor , Linenoewtile, seocuyanied 

Shr simecite ant magsetite, Deposits of this type have local securrence for instance 
S Metascuaiie deposits are represented mai \y by cerbonatites, 1. e. pone 
Hand average-greined rocks, externally resesbling marble, os they vere mistebecly idenhi- 
Carbonstites consist mainly of calcite sad to a lesser degree of delouite with 

sn aduixtare of various wicas, vermiculite, clivine, pyromns, suphibale, mgastite, 

sulfideo—of pyrite, chaloopyrite, ani galeuite. | | 
The woftl components of earbonatites are very diverse: nictde minerals cro 
represented mainly by pyrochlore, less often by hatchettolite, coppite, peruveiite end { 
Gisenalite, The accessory mincrals are sircon, baddelysite, aceesite, uranis thorianite, | 
bastnecite, apatite, magnetite, titanc-magutite /137_7. { 


i 

The content of (M>, Ta} 0 in carbonatites usually finctestes vith the renge = | 
0.1~0.5%, reeching 1.0% and more, while the ore reserves are reckeed in tens ef 
i 
} 
} 
4 
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willicns, in places in hundreds of millions, ef toums. 
For exmuple, in Mbeya (Tanganyike), the estimated aml) pert of reserves 

smoants to 9.5 million tons of ore with an averages content of 0.4% BO, 
In Kenge is a recantiy discovsred deposit of carbomatites, about 30 xillics 

tons of ore costaning 0.7% Hb 0 was found, mut the ore inpregration is very thia, 
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; wich will obviously create difficulties in beneficlaiica. 
: Tu Sjova (Soevat) (sp?) (Rerway), the jumquatant surveyed reearves of coppite ms | 
ores in sarbonatites comprise 3 millica tens with content of 0.2 - 0.55 of MS. 
Posawtclito-indrethermal depoaits are represented ty greiseus, quarte-feid- 
spare and quarte-vein forastions with eassiterite, scheelite, axd w.trenits. | 
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afaixtere, or peosidly in the fern of the finest inciwsicas of individuelised minwals. 


The content of (Mb, Ta) 0 in theso mincrals is measured in tenths, rarely 
in whole mubers. Cf practical interest are the cessiterites frun high-temperature 
femauhiens (of greieme cad qurteitic veins, gumsticelly asseciste (eomerted) with 
pogutites), saavtime conteiaing ever 1% of Mb ond Ta. 


Sypee of ‘Industrial Deposits of M ant te (7 alias 
Geneatia type ee Ee 
Wain Aoceseury 
I, Magustids 
hapociated vith  Colmbite, pyrochlore Cassiterite, xiroon, 
groniteiés malscen (ralachon?) (sp?) 
Aosociated wth al- — Laparite easel eicaenlv 
kaline rocks-sophelen- | 
4e syeaites 
Associated vith ul-  Perevakite Titanc~eaguwtite 
traaxial alkaline rocks 
II, Fogeetitis 
Granitie pegesidtes Taxtalite Colmbdts, textalite, bar- 
yl, cassiterite 
Colsatl ie-tambalite Cussiterite, beryl, spatg- 
mene. lagidclite, paliscite 
Roxind ie, forgesontte lative, cirtaliie (sp?), 
Alualine peguetites Pyrechlore, hatobetie~ Bireea, imate | 


(oomdaaed ata following page) 
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Sedizentery deposits ars roprecenied by phecer degexits of various crigin— 
of elevial, delwvial, and allevtal origins, comecsted principeliy with gesites sani 

Prem the placer depeaits, there are nian selmiiite, +o lamméio-tamtalite, 
yyrochicre, rarely camerskite ami theralite, waally acoompenied by ecoriterite (R- 
grris, Uganda), wy strom, wolfresite, gold (Bencye Harbor, Bo. Aostralia), ty mome- 
site (Presil), sirece and ilmentts (trerencour). Very often cessitorite ecg tater 
the cls! component, wii 0 solmbitetestalite is extracted inciden -iy. : 
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The esencuie cignifienzese ef placer depeuits as co raw material base of tem- 
talie ani nishic consembrates iz very gress. In ferel. gay scumbrics, shout 70% ef all 
produstéen of concentrates is furnished ly thoes deposits, cepneially the Higerian 
ence, Tho seuteut of tantalo-aicbates in the depesites varies in brood linits—frem 
100-800 g/d te 1600 ge. 

fun other suurees of nistis rev material, ons should paiat out the mishis 
iJmerite found in the Arkanem beaxites (U. 8.), containing 0.8% Bh 0 (0.05% in the 
bencite). In the produste of their processing (black sends mal brov= eline- are consent: | 


trated. fa end Wh. Tie bauxite depesite are etoluntel at 44 million tess sai they fo onn- 
tein abows 22 thowend tone ef Wbz0c. O the basis ef these arce the USA is eontamplat- 


ing the building of a aiobiua axtresti-g plat. 
Rereigh literature also carries isformation about the extraction of 7a ani E> 
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fram slags (“tained during ths redusing melting prosess of stanaie soncengretem 


( Malaga, Belgian Gsagelc 
Phe ray materials dane for the obtaimment of ricbim end tustalun sonsentretes , 


Seine Paap Aa Ss Beto inane cb Uacas cs ala And cae ' : 


at prosoxt tine are the aliavie] dsposite ani the tesis sourese of solvabites anf 
pantulites ia granites asd grezite permtites ant alklaine pogmtites wlth yreshlars. | 
Osx bomati$oe with niskiva ( pyroshlere) contexts appear to be highly perejective ant 
pooumies io heccwe the largest rev nataricls “» furthese elements 
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| Thess are we dcfinite ameetiiee techaiec] eculitias for tatelw ae slobiaa 
H econ, wes is moda of urea Vith veriow: scatext ef these wetale, depenting upon the pve | 
' 
i gang ef ether useful mineels which e22 le attracted simitassouly with tantalme-nie- 
patec. 
faiwericl sgerfacsee dan be aoquired ly eres i? yaish the (Re, Palys ace 
eqxt {2 menewree is vote 4a heetreée ef Prestione of a pereensage- 
fag lige taatalue ani aiebive eoxtaat in ardizery eres triage we the aged for 
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aheir eomeextraziea (onricisst},which is realised on eenocitmating tables with 
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subsequent fletation, slectromagnetic or elestrestatic scparation during the obtaimmt 
of collective scacentrates. . 
Concentration of tentulite-coluubite ores 

Aa an emaple éf concentrating tantalite ore can serve tho manfesture of the 
concentrate et the Black Hills sowree in the U81\l\6(. After large scale pulverise- 
tion of the ore ( te ~ 25 a) 1% is subjected to sifting; the tap preiust is recyelad 
far aiditiems:] pulverisation ani the lover ene is subjected to modenate pulverization 
in a eonioal pulverizer ( to - 0.12 mm). After pulwrisation on a roller type griniere 


i 0 tet, leit tn ee is etal EO 


the ore is spread into three fractions: - 5)-14, -lh: D ani - 20 mosh which sre further 
conceistrated on tables with the derivation of types of conssntrates in respeet to siae; 
the TeOs contest in the concentrates constituter zrom 9867 to 578{z28]. 

fo further reduec ths orule gravitetions] eonsentretes many saterprizes a=piey 
magnetic separatera ) vomplex ares ef solumbite-tamtalite, cassitarite ami wolfrenite } 
aad spiral concentrators ( ares ef the lepidolite-alerolite- “talite} whisk amks it 
possible to obtain rish concescrates. Lat-r stage enrichmnt is sometiaes dome on eon 
eentration tables (Higeriah 

43 on eceaple of concentrating with maguetis seperation is the sroeesaing ef the 
tentalite- sasciterite concoatrate obtained ay grevitetieusl methods from ores of vestera 

This comeentrate contains sassiterite (~ 55-50). taxtalite { Tagdy j WoGe — 

32-% \} sireoniua, tow=mliss aad 0 werber of eduixtures. The saparation ef aaeitare 
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ite ami aolmbdite ay the epecifis weight is diffiewls, bet thoit mgpetie progertica 
ate suffielentiy variegated te brrak @ same ty mgactie agaretion. 

wegnstie seperation is remiized ¢3 an smtirely diffares’ seperetar of the noi 
type at & rete of setatlen of the disks ef 2 - 42 rym, DE raltegs cc tie eleetirem act 
of 288 wssi anparegs of 1.5 aR, 


Ae seeuls ef the ceparetion the S80. guriant in thy magnetis Sreaties drops 
be 
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on tae average to 4a XK. (caount of frestios se 56.54%) and im the momeaguetic frastion 


Yation Gees imgxove with an increase in the finsnese of the corresponding fractions: 


ag 


te ® ~ 6 monk, rveults were obtained which are chowa is table 18, 
Tadle 18, Results of magnetic separation 


Produs® "Yield Content, & Disteibutien, & i 


— § ’ 
— er EN SETI . 


the extraction ef S19 tantalum and aiodiwum. 


St insrensce te 870296 (63-16 of the voight of tis soncentznte). Te this case ths aape- 


wngaetie fractions 1» % + 12,,2%6 weeh contain 15.38%, ani fractions - 206 meak 2.085 } 


When magactic oeparation is applied to atfitionally pulvarired voreamtrate - 1% 


62) Yaes, the direct coummrciel production ie 26% af tha total sonsextrate because 
that part conteiue TH (fa pWb)Og aml 2M Sxl, ( less than tn vermfosibls 3} during 


wagaeciz tantalize sisereis € ctiblctentali¢e, wiarulite ard stibiomlerolite) san be dean 


| Further seperation (wreak wp) ef the nommagnetie frostios cextaiming alao none 
1 
{ 
i 
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shuniealig tg ehierisation, relustion ef Sno vith hpicogee. ( a charge Tequires 27 kg 
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Soikk eeiweing egeets « 
See Feduciios ah gas Letter gave ie realined® (daa reteting retact formes at 


CHS OOK 5 the tect wedusdog agent io acetunt. Man of heatieg S~ring redustion is 


: 3 ews. The Beane ef osduted tua are sifted ad seperated on a eaneentration tabhy 
wai ten melted inte ings $7 
i 
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ev tpdrogeu whieh is passed for 7-35 hours ab a rete of 0,3) - 0050 wie at Medoe* 
af redveed ths with hydrechloris: acid), coloiztion vith ime a aeelge 
dng with aisahdae ow bis hfete, es wallas redustion with carbon contaiuing gaseous ang 
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Tae compentrates from the tables ere subjeste”d to cos‘ust treatues$ to separate the 
wotallic timani the soumgnetis parte represents  concebtrate quite risk in tantalun | 


eaf viebim, : 
FigelS shows: the prelinisery tochaslegical ecrangenent for the yreesss ef complex } 


magnete~chenical onriabmant |1h9 |» 


on oe tried SOE SB met . SE) aM ad vt ye reg 4g, : i . e 
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RT gt de 


The comporition ef the Nigerian concentrate obtained frum alluvial seweve wanl- 
i ly ieclnies. mommguetic casziterite . magustie cassiterite, ilmenite, magustite, 


‘  golmabite, monesite » topes , sirecaiua, therite ext taxtalite. 
Por ite complex emrichment with the obtaimment of & series of vaimble ecassniza- 
toe mack nical<mgntic-lectrestatic concentration Jourichasn’) is wreil!i58| the 
axrengenent ef which {> cheva in fig, 16. dn amlogow: mothe he desorited by Si! - 
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Herichmat of pyrushlere ani loparite cred 148 | 
The tasic method of earishing theese eres is gravitation as recult of wide) Os 
cbtained.a ernie eonsentrate subjestel to final fletetiem, sleetromgnetie er clostre- 
atatie enrictment. The ex‘vasiion ints eammrcial production does net axsect 60-705 
able jacaes ef components is the slfiges oni the iaperfecticn 
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AOROGRERAGL Ag AROMAS, 
‘cimsat of keppite reat iti | 
The owishases ef kappite eres with cossideration of the shicariesiation of Shor 
wmimeralagice] sampovitiom fo fom by gravitation. cm esosertrating tablos with euhage 


qaemt seeoval of the pyrige lr fietetion, sagnmetite « oy magzetic seperation and apatite 
~ Wy pieceering the concentrate with aitedie ecif with the obtaiment of caledivm aitrate 
4 q 
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Figs 16 (63). odrratgenent of combine’ concentration of Migerian complex crete 
he of “intation Gtting the consentretion of tanteimatebine eres! 46] 
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Fistetion ox tnitiel ores is presently mot veo.g cupleyed even though it appeers sad 
ke parcpectives «<perimonta oz the flotation of eolumbite and pyrochlore, carried oud 


at the MoT Malis m MEP and Z heve shown, ti-+ they do well submit te flotation with 
ealiwe slente ent with the extion reagest Di-ll. Gelunbite requires « pulveriastion size 
gf 200 mesh whi. pyrochlore neals (nig - 190 meh. Y-28 soliu ocelate ie wad in the ro! | 
2a of eolL-vter during the tiene Mlotation of eolumbite 1% salle for a veukiy actdune m | 
seiiwe, eal for tyrecalers ~ for a weak wield iee median, : 
| tag an" tpg to 128 | ths .comration of collestive concentrates ty fletatiem | 
nidiwve to inareane the 70g |. Taps coutent frum 10 te AS - 56H and oven mares the roeg 
exta Guring fistetion are sodiur oleate, cartozylis acid » ray] xanthate, pie ofl) 
phoephorm im the form of apatit, is removed ty tletation with Leuld scay er vodiua 
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| olenbas 
| . vee 29 fia! ahewr:. oc earphey exuuplary compomtios of tantalits aus selum> 


tits comekimates canufectared ty certain foreign ylsabs. 
os Tadle 19, Reewplary ehentea2 composition of tantelite ami coluahite sancentvates 
Oe aneesbered akroed, % 
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@ Processizg of Ore Concentrates. 
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“etallurgicat Moscow 1959+ 


The discovery of tanvclim and niobium mineals cer be realized by fusing 


with clicalies or cartonates, treating with suifiri’ or hydroflueric acids, by chlori- 


notions 


She moss compifeete2 of cil 448 the reveclrent of cclimbites cnd tentalites; 
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pyrochloce, loperite ani certcin other rinercls are mucx ensies in processing. To 


discover colin itcs cné tantalites indw icy eDloys most frequently mekembaremm the 


smelting of eres with sediw: ani potussium hyGrexi4es, soda or potach, with potessiu | 


r. 


ox sodium ofsulfstes or by processing the concentrates with byfrefluoric acif&. 
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" le. Pusirg with alialies 


Fusing with WaQOH. The princivle of she method consists in wansforning tentclin 


end niebluz compounds during the fusion with NaOH into sodium tuntalate an} niobate 


form. Sinultcneously there is the formetion of tungstate, stannate, sijioate ani 


alirinate of sodium which are reuoved by lecching with water, as well os ferric and | 
niobate and titunate remcin in the residue. “hen the residue is treated vith bpirociie 
ic neta tha iron end manganese transform inte solutierm an! in the residue remain the 
hydroxides of tentelun, niobium and tituniua (figelT)e a 

| Meehno logically this principel scheme is realized in the- relieving MADRE 8: 
the concentrate is unslted in fron crucibles or in fire resistant steel crusibles. 


g 
The weicht retio of the concentrate ani clkali during the fusion is usually aosestea 


90 


as equclling 1: 2. 
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mengabic hydroxides wiich together with the woter-inséluble ctetete sodium tantal-te, - 
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Instead’ of THOH at tines is used :Map00, ar a mixture of MeOH (9) and 1az00, 
(303) isa} Sodium eartonate is adtef to reduce the viscosity of the melt. The ome lting 
ceases at a texperature of 850°. The sodium cartonete/alkali mixture is melted ct @ 
temper:ture of ~500°. after its smelting the tempe-ciime is raised to 800-050", and the 
concentrate pulverized to optimm size ( not 460 thin),so as fot to ccuse waste dus 
_ to dust elinin-tion, is introduced in scall botekes dwring the mixing of the smelt. 
After a 10«]5 rinvies exposure ct mximum tenperciure the srelt is either poured into 
water ani orinulited, or is soures fn « thin layer on ivon sheets or ponseThe rulvericed | 


| fusion Goes then into the leachin- operation. 


eer 


Mosel7, Scher tie erauwing of the rxocess of obtaining varntcalum cand niedirn 
oxides from t.ntcium (coluzbite) by szeltirg the concentrate /ith sodium 


- twdroxiée. - 
The recetions toting place diving the sueliing (fusing) were investigcted by Spitain 
ang Inzits!ty(67)« Until this reportucs mule publfe it was assimed, 153, 354! that 
during the fusion is formed a metcniobcte cand met.tcntalcte (ated; and THI»), 
however already duwing the processirg of tart.lo-niobiim concentrates it was shown 
s; that Mbz0g seacting with the MoOH solution fats a salt of the corposition 
Tia, Mb; Dye FD (a socalled 7 + 6 salt; 7iz0 has MhDs). 
Spitein and laitskly investigated the products obtainable during the rud rg 
of TO» Mayytib)D97- 3270 and NeNbOg°3 .5H20 with sodiim hycrexide in molecular 
zctio of NbgOs s MAOH w 1s 39 (weight ratie 125.2) within @ period of one hour at 


terpercvires of 250, 450 are 650% whereby it wes found that in all inst.unces 43 forme 
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en axhytrous niobate of the camosit.on Ta,1105 ( salt 5 22), having a specific weight 


of eh05 and melting point of 960°. “hen exjosed to water the salt hydrolyzes with 
the formation of salt 7:6 and sodium hylrexiée. On the basis of thece date it was 
assumed conditionally thot tentalum fused vith IROH fooms e: amogous selt and thot 
the reactions taldn; place during the fusing (smelting) ef toate liteecolumbite concen- 


- totes with sodiim hytrowde or 1 mixture of [20H stags ere cs followss 


(Fe oim)[ e105] 4 MOR = Akas(Be,1c 4 FeD}e 450 
Banco of tungsten, ailicon, tin on eliciimm fom: during fusion m lubls so= 
dium seltss TaD), TeS1054 Massn0as Tadl0g, fi. en acmixture of titcnivea forms an 
insulutle titencts. De ing the leaching of the Sielt with uwiter , e jod carried out 
in dvon m porcelain reactors ct $0-lUCvarndg a 2 2 Dh mtio of 2-1: au fiss selt 5:1 
hycrolyzes, tx neforing into 726 sult ( for niobium) cni hord-to<cissolve salt 413 
(for t-ntclun)s TagtasOy9 + 25H203 ~iasTads 435H0 2 Tay Dy ° 32H,0+4000R 
To reduce the sulubility of tuntolim ast niobiw salts « surplus of sodium fons 
(+ Inlfes) is wed in the solution during the leaching m tht the solubility, for 
exiDle, of 746 salt, according to Iarits!dy anc Spitein 69] decresses (at 90°) clreacy 
at a evncentrcation of 1% ia0K in solution with 26 to lel g/l, deee by more thm 20 tines 
in this connection the residue oot.ined durins the lecching is flusied severcl times 
with a veomed ww mmmkjorutekhs dilute solution of NaOH otter witch the simple goes to 


the sofd treatin; operation, 


Yor this operation is wed 2 20-€ hyirochloric acid and the treatment is corsied | 


out ty heating ths solution to 90-100 with live steam and stirsing.e The 7s Zh ratio 
in this operation constituted 1 3: 4. 


tie ' 
During the decomposition of the residue with acid af tiuntalum end niobium selts -: 


transfor into their hygrexides:. - 
Nias (Tw ,1b)0s5 4 HCL 4 BW» (MD) § Od Mec. 
92 
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68) fusing with KOH o: their cictures, the process 4n edaiucted somewhet different because 


° according to data ty Yonatuntinov the fusion of 1 weighed part of concentrate (tantalite.. * 


eee le FPte561130 oe page & . 

Oxides of manganese ani iron convert into solution in the tom of chlorides. 

The content of 10> in the hydroxide mixture devewas upon ‘tite conten’ An the basie 
concertrate bevause ducing the fusion with NaOH, leaching of the nelt an? hydrechiaric 
eoid processing the titenium separates ina very low decree. Calcined oxides contain 
norra lly 96-998 Of Pads 4 MbDs, Oel = 065% Swz, to 045% S102 ent w to 1K FeO Mnd 


B5)- 


Fusing with SDE, FeO, or with 2 mixture of somee In technolocical set ios using 


potcssium tentclate ani niobate <-e well solutle saltes 

Fusion with NOH ic reslized mkt ct 700 - 800°, cri with notash = ct 900 = 1600" 
‘hen anclysing the revart [153] Tecocrené:iion was made to use 1 weighed part o7 cancentre 
te ver 2e weighes ports of rotcsh ex the fucion itself to te ecovded ort in a siicht- 
ly reiusirg atmo here to prevent the osidcvion of the iron ard mngenese into hisher 
o:ddes, conversion of titaniu: parts inte potissiu: tiicncte,wiich is soluble in the 
presence of larger covnts ef potussiim ntobcte cod conversion of SX SmOg into solluble 
sticmte KpSm036 

‘To create a seducing atmosphere the iron crucitle ia placed into a mi-h wider 
ceechite crucible and the spece between scme {5 filled w with charcoal power, The 
processing tine (nbove telting point) should lost about 1 how. 

Ineing the decching =fter fusion into slution trcasfomm the soluble t-ntalun- 
cn niobium salts os: well cs 18103, Ty-0,, EponOg ard so on. From the solution are 
separated out by the actition of sodium chiaride how d-to-dissolve sodium tuntclete an? 


niotate *, ar there is irmedi.te derocition of hydroxide by the addition of a sicplus 


Wee cates i hip wehbathe ahs Ace? collet ivi arnnmetne OOF ER ahr at Sanh et Wee o  tatetormndhs Be Apnea badiah dtedale iO: 
os — a : Oe ee Te ee 


of nitre (157) » sulfzrie fi5d] a: Mptrecklovic acids. Such cela trentnent 4s arpliecble 
colunbite) with 2 weighed parta oe potassium hycrodde suould be concluted at a ten- 
seruture of 750 - 800°, 


*® sccoming to dat. by constuntinor the salting oct process is best carsied out with 2 
setiraved solution of aociuc hyurezide ct room tenrerci uree 
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only to highly pure concensrtes containing a umall cnoint of 8102 and TOs. 
Described is also a nethod of tresting « solution after fusing the concentscte with IDE 
ond i:mediate leaching with hytzoflueric cid token in surplus forme This yields « 
rixt.se of flwroscntclate and fluccoosyniobote waich ic then purified of admixtures 
ty seyented recryst.Lidaction (59]vaich considexcbly increases the ‘ontulus and nie- 
dium losaese : : 
In the case of cerosition of sodium tuntulete crz niobite ficther prosecsing of 
same is sealized by decomposing vith hycroc-lecic or sulfuric acids, as wes cited above * 
for the cose of fusing we concentrate vith heCH. If fusion with sotesh is carried out 


in e highl; intensive recucing caco.phete che together with the soluble terctalum and 
niobiiz: saite ace foxwed insoluble ( even in hycrocilozic acid) wxcounis walsh, apper- 
ently, appet: to be emalogous to sungctic uwonzes fig]. ‘fo eorvet scce into scluble 
anzalete and riotite is is recesscar> to subject sone wo e2citioml sintering with the 
notcshe Thaot is why Zurinc the fusion the otosphere skovlc by only wealdy redusing 
ov z¥ern towll; neutecleiccomnding to cass uy Yonsv.ntinov, cs sesult oF fusing tontel- 
4‘ te-calichite conceatrates,containing a crester emourt of tituniim silicon scdataaages 
with covassiium hylveccdde, leaching of the fusion, salting out she sodium tcontalete 
com siomie wich a sodium hydroccite solution enc the processizg of the reciéue vith 
trCrocslovic cold is obtuined an inpwity free civiure of aflebium ard tuntalum peat 
oxides, containing otter culednation at $O0*no less then [op2% of Tags +21b0s with 
the exiraction from the concentrate, without consideration of waste processing, of 


Tle Ghe desic mass of tontaluz ani niobiim vostes is in the residue together with 


5 

% 

2 

; 

: 
4 
i 

a 
4 

* 
a 
a 
a 

. F 
? 

3 

! 


+ 


iron, mangunese on. partially tit.nium during os» lecehing of the fuslan. ifter 
treating with hyccochlerie or sulfiric acids thease westes cun be restored to industry, 


» » s 


isd 4s qf na { 


The technology corsista in the processing of concentrates with sulfuric acid ani 


the obtuiment of soluble sulfates, filtering of the residue, dilution ef the solu~ 
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tien vith « era) exoumt of water for the hytzolysis of elkalZ-e.-th a:lfates, separdse- 
ton of the soluties from the residue and repented addition to the solution of a lorger 
eno of vater fox hycrolytic separation of ti.ntalum end niobium (pastially cla zitce- 
nim), ville the remining irpurities renin in the m lution 160]. 4 greater mater 
of technolosieal variants of taic method is ‘mown however not even one of these bes 
| acguired tread iniistriel applicctions 
The processing; with sultcic acid was adorted at the IsF plant ct Bivtesfeld 
(Zest Cexmery) SS e She Ge, contuinirg 002 = 0253 of Tabs in the form of staat 
ingrcined in ecleite, wns -rocecsed with nitric cefd with the éerivation of evleiia 
nitrate, ard the resiaue contiinins s:proximtely 2 of I'bOs was sudjected to enrich 
rent (concertr.tion), mgnetic aeporation on. orivitidon.) sen wction on vorkebenches 
ord derivation of Ike 15-17-35 ( ty Mbps) concentrate. 
The concentscte was wcated for & hours at 10° with e Tes sclfirie acid 
(consimption of cela LO ke ter 1 kg of Mbg0s) to GcnTozm the nioblim pentoxi¢e into 
co lutiom whieh was dilutes with wo.ex to reduce the 300, conunirctiom $0 55% ant to 
filter sures The filvrcte wa. dilute? with water to 2 20-6 concenirciion of RQc0), end 
nevaralised vith sete +0 precexve in the solution 2% free svlficic ceid. “dobiin in tf 
form of hylromide was tran.fared into vesidusgwhich vas filter: é cord washed. fter 
c.lein-tior the product contiined S&% of Wb205, 20 Pe20s om. On0% Ti0zeihe jleld of 
niebium (fron cbniseneezte) constituted ~ 95%. Tha envire process was cucyled out in 


WR cee 


en aprporates cocted with acid resistant ehmel. To reduction the consicpiion of acid 
another IG oie acopted ite toectrect of ieppite concentrate with 96-6 sulficis acta 


with transformation of niobium into solction (solubilization of nfebiim) in the form 


isation of the solution with o- acqcusous cmonia solution the niobium eaorne Ceposiiead 


eR . 
SOE TRIDRER ES Dee mmc, 


on the tottom o ond the acmeriin ) oma te wes reviznet for lenching oct the mocuct of sul. 


fisie acta trate nte 95 


FR TOOT LY Css eel 


ee ee ee 


of a complem ax.lste by the action of e diluted omalic acid molution. Diring the neutca} - 
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Sul“uric acid and exmonium sulfate trezinent fisd|ajate wsotefestns througk the 
processing with sulfirie acid ent exoniwa sulfate, tho colunbite concentzcte conteine 
inc for exacple 5,026 IQs ant 190% Tegde oni an tron ani mrgenese acixture is acb- 
jected to oxidising c.leim.tion fer a per lod of 2 - 3 hours until its blask colar tucse 1 
Wwoune ext 50 ke of ec lcined concentr:te 4. heated for 8 tynars at 2004;C0° with 18) lg 
Cunceniruted sulficie eceid ent 25 kc .of aocconiim sulfetes; in ire fim st-cem of the 


conces!tion proce:s to the secction mcs ore edfgl 500 x of weiter ao thot the mass 


“ccome, ~.ste itm. Ye rrokuct oF the Dvocessing is leached out wich vA LC lp of weter 


htt he tain ll: i Pa erp ee — — 


8, 
rere) 


ge ne 8 Mini a Mis eet 


mR web 


st » cabinets. ally bedi 5 + scien BRASS lin te x: NO Reh shaban of aR) eae 
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Pe 
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ics of 
of she 


(1.3%) 


1. accardin, ¢ 
low water content fam the followin; uns? 


fiteet LEI (SOvs CHy 1% ,0 (Sdy),, erage 6 Qi}, 30, Ta (50,}, end CH,), 


Da (SOy), « 


follaweé ty the process Of “sdvolycirg the culfctes into hyipecides, the pulp is left 
clone, the re.idue is filtered_out <o2 ruifted of ccids amd solvble scltet, The hycco- 
mide rec‘iue dc then <iweated@ wich < colvsion of osc lfe acid onl 2etcss im hetroxide 

ke 2ed@ ana 75 ko IDH tn 2500 Ms of woter)e ater wiieh th pH of the solution is 
ouch’ uw ot the cicdition of hycrocilorie aif to 2.2. Tals reasultc in the formetion 
of < caplex yotcesiwmenfotiwm oxilcte witle tt. liz does cot fa sucz = salt. -fter 
¢240 whe colution is inwocuce’ c hyBolyaing oczent- © ivtion of wre ( 25 to wee U 


lution in weter ct 5O'), 


the yoint of dec.cpesition of urea cand to scme cre alded ..C kg of IF 40H for the depos ite 
niobium pentoxide. Into the residue from the concentccte pcess over more thar 715 
niobium pentoxile exc its content of ibDs an< Tags cnstitutes-s Wel] ani ) ee 
res;ectively. .fiermammm&S repetitions of such treatment the extrection of nic- 
tus from the concentrate my >eaeh w to 9S%. 

Sreatment with sulfuric aeid and Relucing .gent. “ly this metnod the concentra. 
te wes trrater with sulfiric acid ar a scdiin bin lfate solution c:4 @ seletion or pulp 
ave redused vith aime powler with a finn! hycrolysis during boiling. 


6 8h ape ee, Fe eS iy 


Pew 


atm e obs, 


he sesidve cv PH ew £68 rer ins chiefly wld She filtrate is heated wo to 
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© the invesii, .tforn by Cores! eehesie/169) atadi end tuntelum in fusions with t. 
istirg binczy sulfates with «=moniu 3f 
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Unter the effect of sing the iron, tin =< titcnium are recused to lower volences and 
yemain in the solution, ami the tensalum ani niobium in the form of tytrocides cre in 
the residues, .t times vhis process is changed into such a wey tht thre niobium is 
refused into a garter fourth yclonoe cnt separates itself fuon the toat.ln{i6h] 
Upon reosomentation of[165| into the solution alter gulfuric acid trectrent of the 
concentrate is acded e seducing asent,vrich seiwes 211 zetals excerpt tantalum and 
niobium which preeipitatet urer hylcolysis in the fom of hytvocdidess The residue is 


Piltesea off, cgain Cissolved in cn acié sulfate coluiion, tre nfebiim is cedveed to 


tetro-vclent st<te while the txto2.m Cerosits won hylrolycis. The rei+ 4c then 


again ocicised in solution inte bend in th form of 2 kytrocdte is comrerted into 


reaicue by hydrolysis. 
Posing wita visultstes|i6i1. By shis method tac finely sulwesdiced concextrcte 


M4 * f : 
J nde, Diliman ete Lei tA eect : : 


is fused bpwclfcte (in r.ifom Ing). The corse is treated with weter which cicsolves 


ERE APR EI ki o I eet ty 
ly hse Sieh 2 a wet eye 


ison, mang. Bese eapounes anc 2 crecter pct of the tit-eciim, The insoluble recidéve i. 


ore emi 
ose 


7 washed, tr-cted with cannium yolysulfide to cemove the tin cn. timcctute wuncfaning 
a ince solution in the fon of thie oclts, then subjected to vbe c.fect of =y.zocnlecie 
- acié to recove the f2on sulfite ax other “evals. Che remuicing missure goes for tame 
a tclim cm niebdium sep rction, ; 

s. 

& qerrenttest with 3 


This technology belongs to cre of the oldest coi was oreciowly used ot the 


Sterenn-Cebuckert plants [16], It cons!ate in yeimoy poececaing of concentrates vith 


hycvefiuie scid during live stesm hecting, filwution oF ott. ned solution, mrecizive 


tiom of the fluorotuntalate Ly the aliition of EP with sublequent 4-5-fold reexvystil- 
Lisation of same. ser the conserarate tz trected with hydrefluaric celd together with 


ji atalun and niebiug into the aolution pass over iron, mung.nese on! other ecmixtures 


wnies Aiming the recrystuilization oz Df Py remain in the s.litforn where eleo 2 izpar 


pect of the alovium remins ie the foun of fluoro tlobat¢ Sy Wy “BO. 
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Whe po.ocecsa &@ Sree Sone a eton of hrcrefluocic ccf@ cnc is charceterized 


Potherse the use of sh4s method hover the simultcneo 


\ 


Ms low exiccction of t.ntiume 
us obt. iment ox stodius sec use of she considerable cortens of almictures is the 


i 
| 
| 
| 


mother Ifiuer in viica the nfobium is situcted. 
It wos succested to ee i=ste.€ of nytcofluoric cold c rixcture c? hytpoflvaric 
ani oxclie os ary other ocianiec ctvomylic ccld far irenieting the concersr. te [157| 6 
scese eciis ove czzuble of viniing fe dn . Piuosites inte complex campeumise © 
Reta + 352020, + 30 a Ic0y)3]4 7s 
Tela + 5% + 0 2 Naf ITC (C20: a] WF. 


oo: 


ta eaten lente taal ti 


Ent ee ee eee 


The Wrivofluocic acta litescted theveat cin ve seayetek Zor Cecomrocition of the 


‘Cunecniwute. Bo the cecerited tec_n-locies coe clesel relited netlods bused on the 


oR Tl, Cag Dee 


cecomrosition of conc: curctes “ite £ nnocdfes of varies restlaoctlr wivhs Sluorsnar, 


we 


ow! ti « 
AN RAEN Or nSSHC NAH He 


The cley is octet Heed’ c missure oF Ce¥o, ReS0; ont E2Cs0, wen ractirg with live 


stean with che sgavesuies os Sontclum and nfloctim inte oslution foo cu egsEeRt Beparc- 


tion o2 cure| 158 ° 


a Ome OF Vhe D.tents & srovossl Vas mide 49 ccacty out the electrolysis of the 


obt. ine’ fiuorite Solutions with she foams: vien a? ins lucie aoe ee Witt subsee 
cuent secsent of sare vith volo rethods Ea]. 
~nese rethods fourm no pructicc] a,rliectioa, 
- wat Gilor ination. 
ce ef the rest pessepe rective pascoce or exerceting totclu cod nicdiun fron ores 

cre the metorés bosed on cilorin.sion of curresp>oming concen teste The principle of 
techrologies based on ti{s metiod,comsists in ta: fuct tht Ta,ld, T1450 a bites 
elements of the concencrcte fam seiouively ecsily the arpropricte ciloriéee haying 
iow vaper presoime, lee ciffercct boiling points csc contensction noints,vharey 


the wuch hisher boiling roints of TaCle, HOOG13; "md MCls offer the josd Bility by 


eterttictiee sublicition sn fcetfonel sonlensatien to cituin relic ive-y pide chia-4. 


© tana nthst.? dabandiimadr tenet Minamata trian ls entree ta! athletes ils, Wa wellness om. 
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- ‘Bable 20 lista the characteristics of chlorides of nimerous elements noct frem 
quently encountered in tuntalumeniobium concentrates ( data from report fsx) with nodi» 
fications eccerding +o reports [77, 82-85, 2170) *). 

Shlerination of oxides can be resiized without seducing agents in accordcace 


With reaction lel+ Clhe— YeClo¢ YWHo,a5 well as with seducing agenta,yin the role 
% 
of widen is used carbon, Gow of Oevlosgene-carbon of carbon tetraciloride ant certit 


other onedse 


when cLlorin-tin, tenvalimeniobiua concentrates in the sole of recucing azent és 
normally used carbon in yoriow foumse Cnc of Ure technélociccl vixvicnte of chloerince 


tins lopsrite conecnizvate is the method cercloved in she USSR by Teczov, lorozoy 
. Cl e & 


cE RE a ae TE Ah 
fi an 


» Naisiniova ang Stmcntsar? {17, 272|6 
~~ 


set ae ye il dit Be AN oa Sette ae Ont 


Chlorination of t.ntclw yentocide without selucins czents begin: only at 
1zC0% ana niobium pentosiag ~ et S00® crf is co cluted by th: Portuccdonm in the case of 


riobiwm or a pentuerloride/oxyenloside nisctutee 


Yar Aten: @ ALD Nady © 


Accosding vo Urczov anc others pra.272) in the pye-ence of recueing azent (ecarbor 


pize ivb,05 umersoes complete cnuorination witain 2 hours at 400 » 2505 and Teas 
iftewise within 2 hows at 450%. The decree of ciflovinetion of loparite concentrate 

73), zeaches 100% at 70C®cr4 L-hour exposime, It wes estultlished tht the rote and shoroughe 
ness of culorination increase upon en increase in timc of chlorin.tion, temperature 


and wy ingreasing the Cegree of concentrate pulverizatione 


Wate tad abate fh itictet Vinten Asam Kessel 


the entire technological prosess of ..lerinating 2 loparite concentrute is prea 


sentcd on Sigel8 qr} ( fis.18). 
Pulverization of the concentrates lopd > vite consentrcte of aon a :proximtse ecmpe~ — 


sitions 4-9 MbDOs4 Tass 25-40 P02, 18-20 LRL; (oxiadeea of rere esrth ec q 
A. 


7Hh Let? Fos $4105 7-8 Cad, 4-18 SiO, 8 Ia + Kod fe pulverized in steel spherical 
geinders vithin c period of $ houra and are sifted through a 60 mesh sieves weicht of 
lL cuvte meter of dry pulverized concentrate (v. lime wei-ht) 2.18 t/m). 


€ Jee allo pase 27. 99 
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Tavtle 206 Properties of Chlorides of cergain elements (page 73 ) 
if em pesnt* C seins formate 
; tse. rol 
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neefles,sv-latile bulk bolle 
in= pointe 

White erystcllime subst nce 


Seichteyellew (whitejerysteals 4 
easily cecomposttie wit wate> 


Furing tzanczerent licvié 

; Cecory sable by atmospheric 
Dlerrsss a04 vives eg in orisinel ralsTrees 

- Cray to Violet exystals de- 
conzesatle with wetare 


Colovlecs ervztcols,soluble 
in vetexr 


ON gee ays dink AM ED cane onc raetohcotetdeee 
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Colozless fining Meutd sol- 
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Firel8 (wee 7h3 Zechrological scheme of processing loparite ty chlerinution / 
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Driquetting anc coking. The batch far briquetting is yrezered from pulverized loparite 


ede 
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corcensrate, charcoal and binding apent, *eSe 3yXUP, guizone etce in ratios (by woicht) — 


3slil.5~ The trigupta are pressed under a pressure of wy 4 t/am® , ther kilned to remon / 
ve moisture and colad for 5 hours et 750-80? « Lhe volumetric veight of. the filling 


of coked brigue-tes constitutes 0.68 t/m) end their rprarent c,ecific veight 1.5 t/m3 
joo : 


ieee oe | 
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ee . 


- Chlartna tion of Wwigue stes is carried out at §50-700" using ary ctlarine and 


ey 


this: lasts for 4-9 jours with a seleetan connmption ( on 2 large seale labortory ine 
" stallition) Cel = 0/2 kz per leo ( 1 ke) of briquettes. 
The procesaea taidng place dicing the chierinavion of ore rau mover dal ore ecctrere 
ly complex snd were not thoroughly “investigated. - af to the mechinicn of thece nrocecae 
sos theve are numerous theovevicel idess ( Spitsin, trazev). In its simplest férm the 
process of chiarination cen be presented in the following mnnere 
During the chierintion ave fozzed volztile at 550 - 700° cnlorides of tniclin, 
citaniim eng niobium oxyehlerides | 
Taket 220 +5Cly = aevis + a2 05 
TO, C420y « TIC, + Op 4 
ids + /2 +361 = ARC, + 1V2 Doe 


evaporating inve a concenss ation svstem, a6 tlso nonevolatile culosites of c-lcium, 


SSN TNA Lie cise aebARE 


wee ee feng ae 


rere eexth elements escewhich Go remain in the rccidue in the chlorin.tion fiwiccee j 
2020 2lod Cw Ball, 4 Wos : 

B20, + 1/2 6 4301p & BCl,+ w2 Do 4 

' Feuctiobel condensation of chlorides. The volotile chlerides wishdccim foom vhe 4 
furnace ere suided inte the condensation systen,cor-sisting of tvo-vnree seceivers-con- i 


densers 172] ° 


whe 


In the firsts recept..cle with a terpercture of 170-2C0e, ctt ined by outcide he-d 


| 


Sere 


of seme, are collected the c’lorides of niobiim, tantclim end iron, and the nore volaii 


sitenium ciloride is collecte: in the s tcond receptzale 2+ xoon temperatures 
The sertessiou of Ja, Ib and ¥e chien ines by further distiliction is diftic 
cult Testes: of the sipsenese of their botline poinis (table 20). They are normally 


: - 


pao by the hycrolysis method which was Sheronenay investigated in report fra}. 
Hyévolysis. aes iments ears iia on synvhe ste mizsures of MOC 4 FeCl, 


stowed 172] thet during the & cyolycis vealizcble at nv 100° with trapping the 
lel 


IGL-656/Stage le PPEH=561123 page 13 


liberating hydroealoris acta vapors » the niobic nota afsorbs w to 2 - 205% Fe2030 . 
Rne authoce of the report recocmend a preliminary redu tion of trivalens iron énte- 
bivalents a | | 

2FeCl; $3a2503 4 E20, 2FeClo 4 MarS0, 4 GEOL. . 
which seduces somewhat she <.ount of acso>bed iron-and mainly promotes the coagulation 


o> the niobium hyd:oxide residues recormendation is.also made for washing: the hyézoxide 
wesidue vith a 20801 with on cldition of MHC]. In this case the content of adsorbed 

e203 Eons to Oe2 = Oel%. Practical hydrolysis 4s ecocled ous G% a satio T : Zh 2 lslte 
The pertoxcide obtcined dering the hyczolyci. of chlarddes from receptacle I ( ducing , 
the chlorination of imiusivicl concentcute) consists of 004258 Daads +Iha0s5_ 065% Fe20s 


+ 41209 and 025% Tilo. The witanium clowide from. wece;scele IT is also subjected to 


wiwvolysis with vhe obtimsent of T10g a is wed directly for the obtzinment of sita- 
rium 2 metcllotheamil reduction. 


In the expes>inent by fi73) under luborutery conditions were developed rethods of 


ws 


Gesiving >ure niobium emi tuataulim compounds from products of caloriniting ore concene- 
svcteSe In the = le of infiticl metesfals they useZ 2 product obtuined from water procecs 


ing of cllozides. This product contained {2/LiZ Ube, 1e26% Teas, LOS T05_ 16558 


i 
i 
! 
} 
4 


SiCp_ 500% FeDge 1.50% 2505 and 25415% of silied substances. For adéition-] purifice- 


jon from titcnium anc silicon the hydroxide was calcined, mixed with cha coal an& 


iS 3 a ey y : sta 6 het 
Soe eos actin es agstieeek eau ede ins EC oe ae re: 


ecible syrup. Eriguestes srepered from thie masa were dried, coked and subjected to 


ealorination with gaseous enlorine at a cexpernvure of 500°, The cxloridwa contzined . 


fe Meth wi ge a 
om Perey wp Be wey 


(in conversion into oxides) 55 ods TDs» 1.30% T2205. CoE T4105, 0231% Si02¢ 0.80% 
Fe205« The chlorides were weated with hycoechbloric aci& diluted inte a ratio of 1s 
eta TsBh » le6. and terpersture of 90-95 with subsexjuent dilution of the solution to 
to ani HCl content of S-7Z. Here was attained an additional purification of ‘tttantun 
ermounting to 27-50%. To obtain well settling and filtering residues 10 nl/i of SO, 


were acded to the solution prior to charging the chlorides. In the case whas<po 
182 


i So 


Pa 


i Ca 


name 
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: additional titeniun purification was required the chlorides were treated with water at 
Teth ¢ 1s 10, texperaswure of 90-95°3 sulfuric acid was also used in the role of cosgul- 


ator, Tesses in ground acids with solutions have not exceeded. 0e5Ke To seperate niobiim 
ant tantalum use was made @f the fluoride method clanged with consideration of the actu’: 
NbsPa ratse anc the titunium cnt silicon content. In the case wien the niodiun pentoxice , 
vas ‘intended for the derivation of fezvoniobiwm it wos necessary to cletnse seme from 
phosphorus. For this pwezose the kyciexide obtuincble from the cnlorides was -rocessed 
during te heacing with 2 solution containizg 3% of ieOH arc 10% ieCle Sodium chloride. 
was edd: d to the solution to reduce niobium locsese | 

45 an exuple of extracting tantclum ani niobium in the form of chlorides may 
sexve the calox!~ vifon of tuxtulite concentrcotes cod sligs cerived ducing the processing 
stannic concentrates from the iclgian conse [27/1 « 

Ir the exertnent 175] ee eae sxxctom with cucecus chlovine ani carbon 


tetruciloride were subjected t.atalite concentoctes containing 50% TazCs» 3% ToLs» 


Me mmm Ti NG ere he eae on Mt ial athe Banat seahete 


ebe Tilo, Jets Feds Te Si0a, 5% SmOn, OS In0- Fo culowincte with culorine the concen 

trate was pulverized, mixed with chcrcoel cud ralutcile sirup, from the macs ottuined 

Sn such a menner were mace up briquettes which were dried and coked sta tempea ure 

of 800" . when preparing the triqueavtes for chlorinction with c-rbon tetrachloride they 

were calcined in the open etx at 2 temperasure of SCO*. Zhe culorin.tion of concentrates 

was done under lator tory ané enlurced-later-tory scalese The besic part of the enlarged 

TI) lnvorctory furnece wea the qurte tube with a dicmeter of 110 mm and 13CO om in height. 
The condensation system consisted of two conlensers mide of stainle:s steel ani heatcd 
with the aid oftn electric coll.This experiment haa szown that the use of carbon tetrzch. 
—lortée for the eblorination of tantalite concentrates is unsuitsble because it is in. 
possible in this case to consideratly reduce the temperature of the process while the 
cost of carbon tetrachloride is several tines hicher than the cost of chlorine. To 


chlorinute concentertes with chlerihe the following conditions are recormended: ten 
403 
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a y perctive 800°; chlorine consumption 150% of the theoretically neédel enount, carbon 
content in the briquettes 9-108. The degree of tantulum and niobium chlorimtion constie 


tuted 97% , direct recovery of seme in the chlorides q, eat. mn enlorged-labecatary cone 
éitions vere obtained chlorides cuntcining 26.3;% Tay 506 = 12.5% My 020 OF Te 
305B Fe 4 OolleOe37% Sly Ool% Im, 0.05% Sno For the processing of chlorides were invest- 
Agated three methods. According to the firat one of these methods the chlorides vere 
procecsed curing heating with veak (diluted) hysvochlorie acid using sulfurie 2014 as 


con ulctor; the final product szpe-sed to be a mixture of tuntilim end niobium patoxides 
By the second metcoc the calorides were run throuwsh a filter rade of chopped up ckarcoel 


+ & texperatiwe of 500*for the pucyose of clecnsing seme fram frong the finc] oduct 


fy 


tw 


4 
1 
} 
fn thic cope was a miccture of tantalum and niobiuz cileri@es. Dy the thicd mestoa, the 
nysroxide mixture obtcined during the aycsolysis of cilecides wis used to obtcin ty she 
fluozide method < miccture of accclex fluoride sults of tontahn arf niobium with potessiw : 
ox pure fluoride sclte. All these method led to the fo-uctien of corpounds ait.tle for 


the oLsainnent of tuntclin/niobiun ailoys or pure metallic t.ntclun ond niobiur. 


In the experiment 274) to chiarinction were subjected slugs ottcined d@iring the 


srelting of stancle concenurctes cat contuining 7-102 TEs » 241% 1b and 2-86 T105. 


the cilorinztion wec ccrried out in 2 herdzcrtal tululor furmee (with nickel >eaction 


w 
n 


tube 2.7 m long) wit: gus heatings The conienastion system consistea of four verticel inet 


Pa 
Ma 
Le 


i 
ie) 


series arvanged concersers $15 rm long anc 101 rm in cicmeter each. The total arav. of the 
envizre condenscvion system constituted 4.45 m. Sach condenser was equipped with a siston 


fo. ex ulsion of the condensute through the lower haych. 


22 . op pe wed . é : “ oo 
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Chlorinction of slag treater with ecid to remove a creaver piot of Br, iG, Me, Ti: 
amd ecntainingn,, 36.4% of Ta(tb)De was ccsried out in mixture with pulverized orcph- 
ite ( ror h ky of slag 22.7 ke of graphite). the petch wes prepared by subsequent mixing | 


first in @ spherical grinder and then in diso type pulverizer. 


78> The extrection of (Tu,Mb)Oc in the chlorides corsfitutes 520 end the condensers 
trapped only 554% of the produc e fog 


meer yes 
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: . : “Qilerination of slag not treated with nei vas crzried out ina batch consisting 
"et bg ke of powtered aleg ( comtcining 7006 Tar, end 11.25% Ib20s J and 2207 kg of gr-1} 
hite at 650°. Chlarine consumption was 73 kge Chlecimtion for 2 yeried of 28.5 hours | 
led to the derivation of 15.8 kg of product, ( mean weicht yield 0/852 ks/br). The 
extraction in this case wes Tleh% (according to (2a) De) ang the effectiveness 
of conienser ection wes 73¢0%. In this way, at lowetexperciice chlerimmtion prelimine 
seid treatment of slags is not obligatorye 
Described is also a runber of other vorionts af the procecs pf shlavinating 
tantclin and niobium coneentraves. nd 30, the povert fi75] p2oreses +e chlocinction 
or @ finely pulverized concextrcte with sulfir: sonochilecdide, in resort br7] - chigre 
ination of concentrates conicining Ib, Ti om Sm ty hetting scone vith cordon tetrechlor. 
ide cnd a mumber of other viriunts. co fir these metnods have not Mum iniutrial 


applications 
Sa Gaz at 


Tiwnetsov and it dinina Lr8 inswolucec a method of treating loparite ores and con- 
cerrctes oonsistine in the carbédizetion of exme in hich texpersvure fien ancora with 
co2l or coke talan in enounts sufficient fox the conversion of 211 o:ides imvo carbi- 
les, and vith the adéftion of up to 52 a1 té icprove th oryst.llication of curbides. 
The curbi2ze sinter or alloy is pulve. zed and treated wits water cm then with acid, 

. where by from the Ta, lvb ani Ti cardites ore separated the weter-dccomposz ble carbides 


of clini earth and rare earth metalse 


Cne of the adcitio&.l sources of obtsinirg tentalin acd rfobius are stcnnie 
eoncentrotes containing tiese elements. Ordinarily stannic consentrutes are sub- 
fected to resucing acelting at wich ore melted out metallie tin ent the tentalun ang 
niobium ere converted into slage The method of chlorinat ing slogs is éescribed dieias 
[279] Developed « yirometcllurgtcal nathod of extrccting tuptalin from slog derived 


Gvring vesusine exelting of star~te concentrates. The initial slag contrined 4, 6-8. So 
: 105 


G/stage 1. PoP=561113 : | pege - 17 


‘eb 16% groggy fits 907% Feds, 36557 T102— 22% Si02, us Sx024 Oo 120, 7S Bye | 
BP. C0, 10E C20, 162% yy Bale Mae The alag wee pulverized cnd sifted through & 
J#P00 mech sveve, shen treated during heating with é{luted bydrechlarie re ie Atmoet 

‘ 3 secbieks conversion into so lvtion vas experiexces by iron, aluninus, aeeneses pa nas- 
{um end eclefum, a: procinately 50% eouvescion was experienced. by titonium, tin and eer, 
stene The residue wes ther treated with a hot solutior of sodium hycrexife cs xesult 


of wiich cbout 65% of the silicon sex tungsten. corverted invo solutions The product, 


g obtcined affer elioline trcatment was subjected to whe effect os hycroeblovwic acid 
: for the Zeswuction (tre-teup) oF coats saltg ox. cher lecched out with hy@rofluerica 


cek@e From the & yarefluacic GiG soluvion was derosited rotass ium ‘flusrotentulats fole 


. mrt alt ao elaatbetie b 


lowed by recsystcllizztion. Unier semieqingusiwicl seolea direct extraction of tontalin 


Pron slag into cormercdal potousium Pluecotcnsilete conssituted 30-66%. 


Tho nechodsinaedueed avout a century aco vy [astcnce [180], ds dased on the 
(“Gimvarcnt soluiility of timay fluorine salts of niobium onc t.ntulum with rotassiim,. 
To realize seme tie tantcluz om niobium hriroxiles ave dissolved in tytrofluoric acid. 
vith rotesuium fluoride or chlaride added to the solution. } 

wne Yesidue collects then %ahy oni pustizily Kalhh or EjtOKs« HO depentirg 
won the coldity of the solution ( % TQSOCKss HeQ - to @ conce=tration of HF in the sol- 
ution of a7S at 25°C). Then, utilising a conaicerably hicher sdlubility of S_TTROFS & iL6 
as compareé with the solubility of Eta. ty vecrystallisation from the diluted BF sol: 


, “. 
| at on Lace iets ot tam ne ‘sale ng eB ence ny atte apes ot 


pebcbtthe a0 44: 6 95 * 
Fie es yhe Puan 5 eee is at ae eee a ae 


tions is obtuined a relasively pure potassiim fluorotuntalate which 4s wed for ibe 
cectvation of tantalitis 

Tran the woe liguers after precipitation and recrystallisotion of the potassium 
fluorotuntalate is extracted niobium. : an ae 


The method invrocuced by Varignne was improved cni theorotically beaed thanks to 
(ag 


ener Ea 
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the e = perinexnts of Sovier resecrchers Meyerson, Zverev end Ghivva, £5 well oe Scvchenko 
and Tanamyeva[70-72o 
| Yoo priotices Kw cos, the technology of separating tcnt.lum end niebhua ty the 
above deseribed nethod, consists in the foligsing [135].te tentalim and afobium hyizo- 
zide mixture is dissolved in concestrated (2540-2) hyitofluoric scfd tclen with a 10f - 
15% surplus per the ccount necessary for the pcssins of she recction: | 
Tas Obs) 4 WF « Zg[te Cd)]¥, + SEO. 
If the EF concentration in the solution citer cissoiution of the hytre<ides is 
beiov 7% the fluoconiobic acid hydrolyzes with tke foroction of FeO s | 
The @issolu-ioz 4s seaiized in ruccerized elocite coated o- is:d-coeted reactors 
upon heating to 70-00". ifter sotuling tke colution 4: decunted <n. Siltered throuush 
a cotton ox serchlorovinyl fcirie Tre filicte is Silute? to such a MCPs convert in it 
BO wart uy cdiing EDL the concerwrction of Ty bOFS¢ HAO will de close to saturation 
(668£}. Into the hected solution ia then =d¢ed ID] vo obtain NpfaBy cnt “ICR 
Hote $ Stl 2 Ear, + ZO 
Thos + ATL @ Ktors +20CL. | 
Do maintuin a consimt HF conce:tr tion in we solution Ren Ae is nore 
convenient for operation thin the corcenteation otinum for sep.rasvion, eqwllizgn 7s) 
potash is acded to 4%; Sometigss potash is alw used in piice ef EDL 


The Geposition of Lam, cerysvale ia filtered off ond fa cdditional sicif- 


} 
| 
| 
: 
| 
} 


ieation recrystellized fron a 1-28 HF solution. The obtuined potcrasium fivwerei stellate 
ordinarily contuirs O61 + 9.3% Ih, ~0o% Si, 0.28 Fe coi 0,00 TH. 

Te extract niobium from eo thes licuera ote con wz los the Pollowing method 
intreduseS ty Yateeniw anc Saase (10h e The ceic mother liguer is first trceted with 
petesh and ‘hen with sire. at a.cbh a meutrclizction of the solution the tantelim age 


mixture goes into precirit.cion cnt the sclrtion eva: arctes with crystsllization of 


TVIUORS + RoO salt witch dc then rcavyst. lized ani treated with brérofluoric acid 
/¢e7 


-———— 


10LR055/Sticge 1leFM§61113 | page 19 
fos conversion irte potessium fluerontobite Ipiih. However this method, because of it. 
low yield ond hermfulness, has not cequired prucciet] a:pileation, 
The RSITES Co Plants in the wsafasg| maintain a eomclex prosece in the treating 
of movier Miguorss the -olutions boil with emill petish ed4itions for the purpose of hy-¢ 
rol-aing tuntalium and tit-ndum corpounis.The cooled solution is then aide té@ the ex- 


cecs lack sviution wherety she sodium niobete joecipitctes in the residue. ifter its 


Processing /ite by rochierie acid 4s ottcires 2 hytroxdde which is dissolved in IDE. 


Prom the solution ty sAdinc sogiim salts 4s agcin ‘c-euited sotiim nlobute with pract- 


ieclly be sit.niim content. Mer cliente solution of sodium niotte in DOH from the 3 $i 


solution ty aléing jy-wechleric acid is mrecipiicted hich motiy niobium hycrocides 


we Sezszvion Lr the Brizolysic of Cxclates bext 


fee el eek Sect aa . se 
: ; : Sea ee re re 2 : naan 
Po he apna lee ten 0 ton steennnceth she Sone alia r SRM gw to So atl ne e 


The revied ds desezibel on scce 76 ui 

2 “ennsction “7 Foucttom: Dis. iil-tion of Veli. tile Sopoundss y 

: q 

Inteze:tin: ts the iisel"son[182| mctned of sererctin: iat lum and niobium by oe 
frcetionss cissilotion of their penicchlacize a> eves bester th: ir pentatcrome comp= f 


oumis as having co cuxeter difference Letween the boilinz an melting poirts. 


| shy Lelacczsiton ty lelective 2eaucsion of Siobium Cerzounds 


q 
q 
i 
t 
Vioeblin compounds (ciiscides, oxides) in ezsuienl sotio, as e& rule cre lesa dure | 


ie 

5. 

Me ak fe 
able thc sn legow tntlim compounds, on whee is tase. 12 mmber of assurptions re- fe 
gucding the separation of these elements. ‘ 
Selective reduction of niobium ouloride is based on the fret thet niobium penta 7 
ciulerigs ve uced better with aluninim am hycrogen tha tratilin pentacslarige|79, 83}. + 


Since aliminus con veduce sinult:neousiy higher cilorides of nfebium as well es of 
tS ntalum, it in used as a seducing epent in <he cnount necessury for reducing not more 
than 6; Itcls into Ubch, (as 270+), vich 4s Jess volotile than WbCls. TCls and 


OR ee ee RES eT ee PEA aaes SA ils Me eee al alent oh dns oo Nenana mach Bld estes Dead ett lit china A: NER 


AICls cot remins in ool!c phase dyring sublimation of the remining ehleridee at 170°, 
Wel, baa a tendency to iecaclose inte WDCle ani Wes, it ic ctu-ble only im the presebae 4 
: et : | 7 
}€6Lke EB 


1HL-656/Stage le =PI-561223 . page 20 


te suffictent MCLs sirplus. Yet in the prewence of MbCls, aperently, 1% io sspossit? 
to separate the entire niobium from tostclim by the use of this method. To avoid this 
it vas susgested in this expecinent (79) 30 cacy ovt the reduction with aliminwn tein i: 
amsnmt figured for the formction of Tel, eu not UbCl,. The ssocess of recucing LbCls 


into Ml, with alwuaingm is reciise: ag 200-300° ,listins oves c rceriod of several tem 
of Wurke 
The composition of the pemtoxcides,ovteinec herve fror th- warmer. ocduction pro 


@uets and not of she svblimted pentuccloside compounds, is iiss fn tcotle 2. 


/ 5 spe Nic epi : 
A ope amet dit tanton siege shes spe 


Dable <le Cocpesition of Pertacides of tirtcliu cr. niobiua 


A ny A NEDO te TE ON REECE LN LR Re AcE NY NEE It AP A SO LE NG OE A EE A: a TN EN 


-{ RL, ee I AEN TOR RE RT RN LEG TN EE A Nie nt IR me — Se BSE TA fed Dest EEC WORE RRS i eR TRC A An Pt RE en LAS { 
| Dasie mi:ccure Coxrosivion of nerncwoci@es, cht ined | 
] from seduction r>0= fron guLlimive. centccileside 1 
i ducts . sommoun’s ; 
i 
{ 


~ 


muerests a2 sumesion) tolues 23 in origi 


an orclosouw. mocess co! selective reduc _ng Mtcls into lower chlorides, eee into 
TOT23 {3 reciized during the reduction of on Io 5+ meCle mixsize with hycrocen. 
A Getotled deseription of this process is civen in reroxts(285, 18) *. 
another cralogou cethod consists in the reaction of a tustalim en mfobdite chlad 
ce mixture wit: mmoniic chloride at SCO fe}; The moontim chlarids 2% tht texper- 
x - 
ature Gigssocictes inte EC] «ni 1E3, @rc the orroniz: in tura into aftcogen ant hyirocen 


whereby tha nitrogen is capable of reducing Ta ani ND pentuchlorides irto lower 


~~ 
R 

io 
De 


ea, the pentoxides - inte Lower axides ani th: acychlori¢es ~ inte oxides an! ehig. 


ee 


ridete 


Selective =eduction of Mgher riobitm ade was introduced ty roll ax 2acon (3) 


4 ome 


: a a ata etl the Sin nee hte ttt aD 20 eng wiinatoi leh Maat Ae iad all dene table ad oem: 


eg well se in numero other verarts of other -euecrehare (186-169 . 
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In accocdunce with troll and lecok selective seduction of i205 inte WD, is 


Nn sith tlle sl w= 


rezlize? with dry hr2zogen, clecned of riicogen, ct 900° - th subsequent chlerin:tion 


Oy wah 


of whe oxide mice 04 400 « 50G*. Only the lower niobium oxide 4s czlocincteds 


sce Cllardze 4s aublénsted oA the t.ntcliim rerto:d ce renuins in residues. 


Mo seluce vce rossibility of tonti.lum corvession into culeride to the concentra] 


Ten tans OBA ints vag sta mines 


eG 525 <0 sinvering eve cided the basic oxides wileu topether with the to-tlim 
O:ice tim sthemcelves into c.zonz tintolctes. In whe -ole oxices cme wed ono Theo! 
— (CW 


x o- aa o The exmcction of Mbox 2 thks reshod «Stes five-fold prom 


Mien Sega 


cessing vr reluction 2:4 sllecinstion comsuicvutes only « 3-8-1 of 50-cck. : 
t 
Toi... sepacistes o2 Suntec 2:2 ctobiur sentomizes Sr chic metho 1. hinéere : 


at whe Dorm ction of ciiie wolistons .esccen “che UbeOs 2:5 20205 cS veil as Letveen i 
: oa 
DUBe ean PaO, acd shot Lk wig dwcinr the setucsion ic forced © rizvice of acites, tat 


sf ede > 


wnich won e.lerin.tiom rfeic niouiue chlecide with cn combiccore of S:riclim chloride. 


Yi om Bod 


155 | ougests 2O secuce ith modsté ny vcogen © ~iwice o? Sipher totlin c 


eR ye i gre sous ee ee 


Of: Soest Se ee Pa he ee toe Phe oL hoss 


awh 0 eee 


“29.00 3 Cr 938 1G5- o4eu fn sfotium an (Myr) Lo- zie: in tor 


relucelon yields wre 


6 Meatag cone 


tidims Uhe. mutesciie sre Setuestor solute vic. COs. SolMcdc cela ct 2cO*ntobhu= 


éfosi2e besle.liy ix.n lems in. solution. 


. 


oy cht. revced ciseccy iver Ve fivst -cluciz, prowess he Ertaction of Tt0- 
— 


sho a. Ufarte cold scluéton cunstfisutes 65-02%. 


actossia= Sy irforustos vy fice | fn sctcosca (US1) the selective reduction of 


coe 
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mioviim penienide is cone i sintering the eepbieet ne fs somentowtes with aurbon 
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te stots of se7cre. ing tntalus tné sfotiim,hased on cslactive rettucetion of 
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niobium cetounts, hive so S25 mot sitcined vide intusiricl eprlice fone 
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serar* fig3) fescrilea@ cxton'te sercxrction of a + em b¥* fron an ECL ant Fp 
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(coal) 2% @ tegenitce of over 1500°. | 
| 
; 
/1é : 


e 
r 


+ Rg Aes 


Beye rebs6/stege i. aR -561123 pege Zé 


sulutson with. the aaa of Dowexel resin. The solution wos passed through 2 solum 12.5 
high ona cross secvion af 0.0226 en* atc rase of Ce3 mfor, mime cc westlt vhey obtain 


eé coineions cunt.inicg tens.tum and niebiua of 9% purltye 


Tie sesnecchess undex suse investizuied the sepexruiion of niobium anc tiu.ntcoiwm 
with the aid of anforftes in an oxJate mediime The wesin DovereII with 2 crain dimension 
of 200-500 mesh wis placed Ino 2D e: Jeno culiom vith a diimeser of 6 czy the wute of 
passing through the colwm .’shiriusion) af she colusion was T=3rm/lre The we of @ cole 

sion containing in cre segs cre mole of HCl ox 0.5 moles of osc lic ~e8@y male it pose 
Sible ( ct az inkt$al riciure conmicinins equal cuo.nsc af Lech elenents) wo obtcin t.n- 

puium with e vheld of QO3 nex one zyele ina ib whieh o shel’ ¢ o2 “85-908 with s content of 

™ ie Tae The process cf sercz- sic, fag fn ‘srevious exvestment, wos conwolled oy tugced 
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G2eoneieoy aud Molon nis fAS5} inarecuces she following techndlogy for fonetchonge 
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Corslex hycsogen Piuverdde fons of these m= ° as 
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hosiedty S-16P. us @ynufe yolomeaic c.puciiy of which consiliutes for niebiim 10 m/ 
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catv/ie for Scntiuaun 7 mgeeguiv/g cx foo tituntue S mg-cqt¥/ se ard then wished out 
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with Viiow ere ere in the Cypirde corditetons the wasting ovwk hes the follow 


ins o-cers. Lron, alooiuns titanium cond tentclum.teescmiesn? hylvocide is dissolved in aagh 
a 


neid oni the soe: on is run aRcOUED | ®& colzin with exe vee up to the point where cLous 


Super’ te, jaa aes ee be. 
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AA has > ani PO Fatal 


out by passing three solutions in sequencel +h: Pict solution conkuining 3 35 g/l Hcl 


woahes out (elwirates) 2il ION, withous réohtim, Snbalua em titanium, end then nio~ 
biur (xp to 0), the second wo lub! om containing ad g/m (3m) HOl weshes out the Rite 
piim residue end the entive vit-enium coi finclly, the third mo lution Sones ining 175— 


216 g/2 (5-Gn) =C1 wit ch an ecéition of 10 c/1 (0.5-m) HP weshé out the basic part of ‘. 


oe 
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talum without niobium ani tit-atun admixtures. After the wash out (elutration) the 


erionite i. used for Nother eh -rption a ar west out operations without less to the 
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s, Silt of mylene orl retiyliloctylecine, titsoz_pyltetone [155], :mtones of cliphae 


- 
. 


intercninse mropertiese 
nested offers the possibility of obtaining niobium hyéroxide containing 


Peds 
less tuan 0.03% Tabs oné less thoa 0.0% u2 TL, ana also pum sonéalun by soxites 
§eSexcsstton by presects 
an Emporsaut fiuctes fo: sepercnting tentcluz cod niobium is the nathod of exiurcce 


ting taced on the diffecent sclubility of salts of <hese elerents in organic solvents- 


ois ont avomsic zeries (97> 
Che most compieve semiimiwirial exircction. method wes ceveloped © rabord ly the 


xclic aeddenethylisolutylieconse 


ee 


wee Of 3 src .em consisting o- sasogete ack 


caving of She etiwcetion in-tollet fon is slown in fizel9. Sxircction is ty the 


om Ce 


continuous countesflov meshed in a pulsasinsg colicm with sleve sites. The colimn cone 
iS B of @ 307 m polvetnylene cube (resistcnt wits veslect to the effect of ox lic 


an br2rechlozic ceids cs vell as orzenic solverts)e 


re ed 


2 
s 


The exteacsien of tntclum and niobium wos invecwEouéed vith éiffercns Metones 


solution of te%en MP ant Cejem HOlyeontuining Ih g/l of tontelum ond 10,3 g/2 


; 
‘i 
it) 


of ntobiims The results, giver, in table 2? show,gthct the vest extraction methods sre 


deronsiruted by methylicobuty ketone onc cyclohexnnone 
hen using nechyliea busty leet cone whe degree of réictium co 2 ponkea extraction i2x 
inempases with the increase in Hf ari HCl concentrations in the solution (fige20)e 
Four varicnts of seperation hve been inixoduceds | - 
1) Dxtecction 292 tantclum br =u Sinle vertodte or continuous counterflew method 
i Ag trofluras, acid, in the absence of cilocine mimmex ions in the solution.In this 
"case the sxount of extr-.cted aisbten 43 lows ie ale 
2) exiraction of tontalem from hikes oat pee a in sresence of ieteorhiavie 
acid in one or two staced, in this case a part of ihe ndobs ium is axaxecten with tha | 


tontclua, the niobius remaining im the aqueous zt ose cont. ins practically no tontalum; 
FF2 fea 


coe ap As OND MUNG MAN AIRE atten 


a ea 


59) 
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Pas 


3) extruciion of nfoblim with hyisoflwric seid from solvtions of oxhytrow 


tontalim end niobium elerides in methyliso butylietones 
k) singleestage exirciction of tahtalwm from hyirofluacle-ivdreczlorie acid solue 


tion “ adhering to the optimum seperction conlitions. 
tn nesondunce to the Piost ver icnt as result of fiveefclé periodic extraction at 
an Mbs Ta costo vector to extraction equ.lling 57.8,che exvruction cuornts to 755% Te 


end 0.60% The 
The results of continuous ccuntcrPlow (coumter ciezens) exiwaction cve shown in 


table 23. . | 
Santclin “yisoxide preci>itates from the orgcule phose with a 25<% cmonie solue 


tien, after wiich the oxgaric phose is sevcrcted by decantation exc the hy uoxide 


residve is filtered off fron the ecibus phosee 


in the tortclim conteining -ecidue afver Cesice tion cmd cu.lsinition cre detected 


O.001E 22, ODO5S Cu, OSS Sig OCCU Ize O.U0LS Fe end 001-102 Bbe 


—_ 


s+ ‘ : 


Piged9, Drcwing of the extracting insiallotion. le Reverse contryl arm; : 


2= relinates 3 initini aqueous solutions be feedin: pumps; Se discharge, be pulsating 


pwip; T= extract; C= initial organic solution. — 


Zable =... Extractional e-fectiveness of ke+ones 


Solvent Sxtrceted in J _. SMoffielent of serir ion 
eis coats ek th oe le Ree oe oe pets 
levhy liso vuty lketohe ed . | E 
Diisodutylketons ; im te 
Buty lethy Lreione ae ast 
Vathri-n-hex; lnetone a a : 
Methylene ylketone vk 
Dijsopropy Lretons 
Crcloficxanone 


a 


E | METH656/S 206 Lere7-5 P13 : — 


FiseDe Deree of exiraction of tantalw anc niobiwa with methyliso butyte 
“etone from hyfroflueric acid solutions (equal volumes of phases; — 
16 c/l Ms 12 g/l Nd)e. | 


Table 236 Results of continuous courterflew exircetion of Tantalum 


Comzos‘tion,~/1 Yield coest coefficient Ba Ib 


Ta Ib Fe o/Beoinch 
Inési:1 aqueows sole 
ution 
Tocbrect 
~efincte 


Inisdicl eoneous ‘sole 
“sion : after restoring 
wo 4% the first botch 
ae ~erimtee 
Brtvect ae : : 
Retin-tecees 


Vhen an accitional extraction of tantalim from the refinate is made it yfelds 

2 prodyect contcining Sz 59.9 bbe» O.05 11, 0.05 Cup wo to 0097 Fe, 0-009 Si ané 0.1 74 

cording to the infesmation by the cuthors, @icing the xiriction is possible 

ae purdificction of niobium from titcafim and silicon, buts at hich concentrations of 
hyczofl wric-acid this may result in technolocical Gitficrltiess 

The era loyment of extixaction at noxinm ceiaity, speed of circul<ction oni othe: 


contittons sllows to obtain $9 oSSértante lin oxide and 99¢97=% niobium tetrovde. 


serventetitie 5h kendo Re gee bisa  seesni y ,Sion lacota s Nii Stns ahable as 
ne ad Met, LEER AS oe pent me ms z mt Se“ ahah alt lah assent in rats iM ’ ee ade BE A Ree ek. ET aera Bae an fg Se 


zapaaak neroct {98} Dropeses exiractional separation of tcntclim and niobium in 


the fon of sulfates of oxlate oN ee with the aid of oxinem, @rGc tribenzylm ine 
in chloroform or metuylens chloride in the presence of hydroculozics acid of 10mLlen 
concentration. 

Good results are cleo attainad ty seperating trntclim and niobium by the meth- 


o@ of zreferential extrcetion of Ta with lien hicrochiaric acid fran a mixture of 
Neg 


‘aang 


PhD ey 


2 SIMRAN RINE T MERE: om ae a tee Satins eae 3 


cw Gia 
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nathylaiao butyl tone ani diisobutylietone solut‘ons contctntng. achylrous tantalum and 
niobium pentechlor ides. fog. 20g ° 

[202] Inventigated of cyclohexanone to extract complex ‘ammxber fluorides of tan- 
tahun, niobim and titaniume Tt was estebichea that the ro:t fully extracted is tontale 
wu, in considerc bly Jessex amounts niobium enc in even cauuller gpantities titanium 
The Sas enee of niobiwm in the initial solution cids in a move conzlete exirection of 
tentalug into the ozguzic paases an anlegous effect is exmarted by titanium on the 


exixcction of niobium. An inczease du the ccidity in the initial hyccofluoside sole 


ution cxni the irirocue’ sion into 4% ov areese hycsoculovle cui alizic acdd cdéitiona 


aga t: pb) . dnereaséng the wxtrastion of twertalim onl niobium. The most nexfeci exircaction 


wow er ae fo 


or Suntalim ant tobiwn is in orgpa.de phos@ cnc they sezcpecte Soom titanium vhen vhe 


tnitsal solution contiins 125 g/l SF cmd 2258300 g/1 0 + 250}, « Yse >resence of fron and 
stlfcon in i me ores solution Goes not reduce che ene tion of niobiim into the oxg= 3 
anfe plmsee The presence oc sultiwic acid is res,oncible for the recuciion im izon ani 
silicon GCtlONe oxpexirents were coorled out unies laboratery conditions to obtain . 


pure niobium ong tantalum compounds fron & proeéuct containing 2 20% Teds, Sebi BBOs, 
1.623% 7 B10p0 Dizving double consimotion of cyclohex Tones as compared with the initdel 
aqueous go lub on, the extraction in orgunic phase constis suteds ¢ O48 Ith, 990% Ta, BZ D4, 
do cleans 1t from titanium the oxgmic phase wa: weshed vito atlutea sulfiaic acide 
Mibiun from organic phase wea reexiracted wits water, tentalim with a “s=moniun flvo- 
ride so lution. The nipptice penazide obtained from the reexiract conte inadey 0.08R~E Tans 


and 0.002% T4056 
Ce Migovery of tontslim and niobiwe fran their compoumise 


~ 


Tantalum ani niobium in the form of compact metals can be obtiined fro: metallic 


t 
aE EET 07 SOTO EEA SUITS ae, dl Bibs beatnas ierife 


ro wr ae 


owlers and directly am result of xummmny reducing or thermal dissociation of certain 


n 


curpoUndss in the first instance are exployed ceranet (powder petal lurgy) methods, arc, 


oz induction snelting (tor nivdiune WS 


wile A sh 0 a er NOE NR Carrere — 


v4 
FO tee Fate kw 


ye 


AeA CALS, 257. etaneetatte stn, ea nedia etree AR ere ter eo 


sew? wid ecaese Sen, ee 


. 
A Salta i naarenictiem 4+ ec ig g abit ot atte: 
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In the second instanes are om used methods of relusing in vaeum (derivation of niobiin . 
by recovering its pentoxide with carbon or fron a mixture of Nbg054- SibC) or the volstii 
chtorides are zedueed with hyczogen ( BURBNY the obtsinment .f tontalun ami niobius 
coatings)» oo ee 

Partalun end niobium powders cre decived pce pooper compounds by mthods of 
metallotherny o= by electrolycing the smelted media. In the ole of initidl pweducts 
are usec tuntulun and nlobium chlorides _ com lex fluorides ond oxides. 

Table 2h offers a Usting of 211 the mown methods of recovering tontelum and nice 

biua including also the ones which yielcec negctive results. 

. she incwiicsd methods usec Rive cnt tine for the muufeture of above indicted 
=esele aves clecirolysis of the crelted apiaiy + Tats Bl asc OF rixtures, sodium-there - 
rene & vediuction of Tpiely ond Zatwy, recucsion of niobiua (recovary of itb) frar the 
mixture of its pemoxide oni carbide in vacute 


Zovle 2h, Listings of methods of recovering tcntclim and niebiua 


srocess Resecrciers : Resurks 


piegl a7» 1658). Fetellic Te ani 5 
metals 1568), powders ate obts ing 


necuction of Epiek 
EWES wita a.nd 


2 
(tael) re 
: ; nov {204} (1929) : 
lenin and { 
(1957-19583 i 
Reduction of Clr ICs S27) ore { 
and OCLs, wish reic1l%% oor, de lozexslAy ,Vrczov 0h) 1938 4 
sodium ox" anclgum of cle Glyacer C5] (1995 )- 4 
jnlf metals. eee oe: ; 
Reduction o% TaCletsiee DeiyetorIacsay JePrler,wolf!206 | (1947) 
with metallic mphed Jonansen, xy (207! (1954)  ~ 
Reduction of TaCls sls Pirant 208} (1908) sabara[209 Used in obtaining 
& WbCls wth race ; ace (2908) smara{209\ metal Ta ant Nb 
210213} (29!,8-1951), MeIntosh coatings on Wi>4ou 
mrocal¥ {1&3 (1957) Steele " Seses om for the _ 
Geldard (ici (1957) . . obtaimment of Bat 
ate allie Ib powder, 


eel % 


Nie 
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i Thermal decompesition of Van Arial = fe 7 
Pals ani ls TUT gers,0as (2934] 
Blectrolyeis of srelted’ Veintra f21s-209 (1906=1910} Ketallic tntalus 
[ miocbure of KpiaPy,Tadey ee Ap sricgs (21%. vowder obtcined 
: Hl oni alesis iideniahl 


Pee en 


3191992) 3 irkhrandt - 
= toss§e iyvers 225 922! 
HF Gesah 


Deoschek sed) 95 195 
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{ Electrolysis of u.elted mre ae fo>0\ (1952) 91 pel (2952)3 Metallic niobium | 
A of TQ0Fs, Eph, ID1l & oF Doss buch 22e coe nowéexr ov sinned ; 
{ . Guroviteh (53 ff hs ‘3 
4 Slectrolysis of melted mixture Earecn,SSect on Oe seas IEP or Tes detosita { 
. of Te.%),, Tar, ond Natl Gert (2922); Sidy.centn,Douzninina on cathodes } 
: containing Me0e or Tae eed eae HMartrcnn Vaessiig i 
t 25) (195 } 3 
‘= Dlecwolycis of wlutions Saal er arctet cnsticdy (23h) (19256 : 
t conte ining tntelum chloe : 
7 aN Dlectrolysis of aqueous cna Doughel1 (2 2551 ; (19285 Peirce o 4] Negative results : 
: ‘ ozpernic mecia contuining 2a (1991); Istcsyshev,rete seats } 
i ard Whe (19820192, sy Tee: sche? lan{z 4 
: (2954)5 Sren-cle (eL§ rie (3533) i 
FOLDIIN » Senne ide¥ (Z S| (1934 j 
Arms cronc,! ‘crefee |e ye eprott H 
| 7) (2925) 5 Seis & Mots (Bi51 (1549) j 
Recovery of Te an? Mb fron ~extelivs (1€2§), Bites (1875) Induiteial method 
oxides with ccoxrbon ~ni from Solion (1907},Sl-de -Ficgson{2,9] ~ of obtcining Nhe 


their oide ni carbide -irtiwres ( Leia re ree 250) (1924-1935)3 

a 1.0 i5h4) ct02t 

2 16kC); Zolchin an& 
“8066 she rd i) GS 9 1958). 

Reduction of Tantclun and Ilo- Ce oie roe Meyerson, ase ¢ 

bius oxides wit: metallie cole EbichRwhde> 0); Gcotnexr 55} (3950J 

chip enc ccleiu hytrddes 


, 4 

Reducsion of tantalws and ZintlSorewlets B57 nas 
h 

4 

; 


niobii: oxides with silicon 
Reduction of tuntalum and nio= Goldcrith, Bartin (1898), Snith , During reduction 


bium oxidea with Al. Ig and Maus (1894); colton hee ages with Al are for~ 
rare earth mixtwe ~ Jeise,achel, Fatmen (190!,-1907 med its clloys wi ’ 
: Fhagen (1910). th T a and ITB, 
Reduction of tantalum and aotenberg roy »re i inioke <2 . Reduction with a 
niobium oxides with h:- drogen (1923). Grube ,iubash ane - yielcs lower ox- 


{s5 {1938}; abrilosoy Bo} (1938). ideas 


17 


ssO/stage 156g page 29 


1, Ubteiment.of powerous tantalum ani niobiun 

asduction of textclim end niobium h:lide oarcuee 
Sodiun-thasmal method of manufacturing powlerows tantalum and niobius 
codiimetherm] recuetion of potarsiwa fluorotantalate wich is done in accordance 
with the following proceas | 
j Upiek7 4s SMe > Tet OF 4SNer . 
@ accears to te one of the first investigated tatclim ot tment methods vileh has been 
e scopted by industry; 4¢ is based on « relatively low chesiccl strength of complex 


Pivorides eo 


From the view point of enezgy the pow blem of asians 6 metcliic t-ntalim from 
rotcssium fluorotcntalate, wth cun be repreccnted as ae peoduct of combining AP + 


© 0 ey ht A | attend lll data hohe RETR cna 


sets 2 @ ip TaPy or TaFs. 2, consists mainly in teec:ting the bond between the tionticlum 


ZF comclex is soncaitvels sold in cormcrcdison with the sfrengch of Tals 
The isobkrde thermodynamic rote. viel dary A, F*ocge = 55 Imal/g-ctom Fe vith a rise | 


i aaa te Sah Adel ee ee ge ceo He 


one shionie ahotis,teckise the locs of tine neece? for the cestruction o° the Takx° | 


in vencerceime this volue cecrerses corres; ondinsly {fisezl and 22 le 
the. duobcrie thermacyn=mic totential oc Near womstit utea 12902 keal/g-ctom Fy 
Thie, during the reduction of Te¥s with sodiuns 
raf5 + Nk s Tay Ser 
ase liberated ebout 7O keal per 1 geavom of fluorine in conversion uy 1000° (epproximate : 


reducing tenperc ture fis). If we should tite into consideretiom the seat of ihet mace : 
tion (4 350 koa) ond convert sine per 1 § of the Hlak, +5¥m tbetoh, then the spe fic 
thermal effect of the reduction reaction of I;TaB, wit: sodium will be 723 calf/g, which 
is perfectly sufficient far szontaneous reaction without external necting fd 
In the role of reducing agert fe used sodium rcther than potasaium (otessiun 
les often). Caleium, macgnesitm and eluminum ere noy used tccuse calcium end magnesiv; | 
fluorides are yracticnly insoluble in water and aliminws forms a fusion with tantadin, © 
| wy | 
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‘Uiher imtussrial conditions prier to activating the sodium-thezmal recuction = 
process the potassiim fuerotantalste te aried at e temperature of czyrozimetely 125° 


ana the cut w sodium pieces ece thoroughly vo hel with gusoline and e:mosed to air to 


the point of absolute evapora’ fon of the gucoline. The reducing recciiom is coxsied out 


normally at a sodium surplus of not les then 15%. 
tthe teCuction is reajiseé in iron conieal crucibles in wiich the sodium picces 


em the potassium fluccot-ntelete ave picce’ in livers. Mest of cll, vefcre slecing the 


potcssiw fliwrotcnttlete into che crucivle the vovion of 44 is covered with c sodium 


Culowidle leyers Over the cicuge is >leceé c srotective layer consisting of and o24, lve: 


éy used cxé well ccicined sodiws co loride. 
The coucible >lus curge cre Letted at 129-150 tn a 2orine eclinet. Prtor to 


secuction 1% is coverec with a dd with a weicht to crevent cjection of the mia. 


Zo tesin she vecction the crucible is hecte@ with « gos buoner im one clcve ( nec 


the botvom) until 4% ts he-ted to re<necseitter rapid zassin;, of the vecctfon the crue 


citle is asain thoroughly heated by the burnere 


Wic.21Deven'ence of the isobiric tharmmod;=m ic a aa ef fluorides 
of certuin eienest won temperature. 


» 


Fiz. 2.dDerentence of ‘sobiric thamodyncic potertiel of crlorides of 
certain elements won teperatire. 
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Accoréing to Serdecson a the crucible dising reduction is being heated 
at a slov bexperavure rise ina shalt Dunsses Thils to this wrcperent the entire 
churge is heated iforJly .i 2 higher texperature cml full veaction of shese reagents 
(all their re2cents) 4s wooweanted, ent the co@ius surplusg 4s also utilized rore | 
effectively.[155]6 setter results ave obtaihe® wnoen the recusing operciion ic reale 


ized in a steel o> nickel bomb from woich the 2ir is recoved as th-ste {120 ecovever 


in ccocordunce with :anter{253] this 4s not receccarily so veccuse the csodiua virers 
a 


ia ethaeie nemesis ee tat eae end eeh sththnsedhn anandinwanet, ee 


: 

fom a rrotective atmosphere. 
hen the operation is cuuriec out ac secwls of Diichehecting to hich tcoper-tire j 

: 

(<bove €CO°) the sodium is toc creter ecient in virorow ctcte thus providing fine 
a 


contu.ct Detween the coddim orci cll the coyotels of the rotssiim Sluerctentclate iw to 
ic Momect Vien pists OF the cic ge -ccome s. elteds Tac tes in.vion of the rcfuction 


or rovusaium Pluorotustcolcte, wutes 5 at hich ter_ecccure in si:eltel staBe in the 


~~ he SROs chee 


misture wits sociu: culacize cmt fluoride en. rotaussimm flieride, i: secwel by the 
nich solubility of soguum in the relted olts Gs] , ; 
afte> the vecuced mics coole’ off the tuntilim rowder ‘ts in fou of very aril 


cpedicles ingruined in vhe solidifded s.:1¢ fusion wifici alo comtuins the remins 


“4 


of ve vruced sodiwmn siplu . 

after the recuved mace is tulen out from che crucible cri agter pulveriantion i: 
carried out whe comeclled® quenching © . The pulverized coos in su..] no. tions during 
mixing ig submerged into.co iron woter filled vat. Some ircus.ries we ceth’] elcvhol 


insweed of weter for whic operation B62, 


oenith Peat nation a, bis MEE anv tetact Barise ie AM Posen nl retin vo 
A “ . i 3 & ‘ rou - “ 


.fter nimerow wover flusiings the t-_talim powler, conti.‘ning atmi-tures of 
culovidcs ani fluorides of alkali metals, cre pulverized in steel spherical grinders 
and finally vashed several tines wiih cold ani hot water. If during the flushing the 
fine tan.alun povder settles slowly, the aéiition of a 5-© 14,Cl or NaCl solution 


and the flusting continues vw to the point of totel seperution from the rluaride salts 


(262|. | fa 
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After she water flushing the tentelum poster {s processed with diluted “ydréchlerie 
acia. During the hydrochloric treatrent there is the solution of ths iron mixture, which 
fox some reason ex enother hes f.lla into the tontelin sowder ( from the iron crucible 


durins redustion, during the pulverizction in cphericel steel crintfers etce) snd to 
cuctioe tirtelin oxide films. The flucing with | 


r 


partial solution axe also subjec.ed the 
hydzecile: is cold patisily =eZuces also the content of sit.nium andstures 
3\ Next the powder is washed with hot dfsviNe’ voter ediluvec acueots solution of ’ 


ermonia cm then Cesicerted <tc tom arcture of 10-120°% 


he ~Oters thanis to its grearvewsrecatic surface ,cons_ing wo to 2 - 5% oF acycen { 

in the fot of ozite films. i certain refluetion fn the acide content con te attol ad : 
if acter the hyfroczloric flushing we acnly on scZdstome) fluccdss with ell flutes i 
hrevofluarie acid fis, 262]. 
i 


cesides oxygen the tontiuz rower cont-ins < cezt-in cnount of hyczogen adsorbed =; 


during the srimry flusuing of the reduction poocuct ty smier. Portheroce, dicing an 


insufficient qu-lite tis e Tiushing the txntclim cowder my still cont iim corbsices of 


ssituting in sonversion into the sim of climli metals 


BF are 


we 


sodii. and potcsaiuc wclta, = 


w to 0.1 - C2. 


therril rethod, contoins S7S Te, 2055 Coy CocQe C, 0-265 Imp FE, 5.155 Rind hes the 
2 


following grin selecvton: 63 (vei-tt) ¢ to 1 we LS from 1 to 2K According; to Tit- 


terinzvor [262] + the powder c.ntuins O.CChS Pe, 5.15% C, 0/02 Si, ).01% Cad, 0.202 mm 
and has a cocin selection cs shown in t dle 25, 


Sable 25, Dimensions of tuntulue powder (cu ine obtcined ty sodfum-theomal method 
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Hiobim powder can be obtained ty a: enclogouws method during the reduction of 

rotessium fluero flueroniobite with sodiim'203, 253-285!. dec main; sof 203 the sectin 
: ae a iw 

02 reducing potessium fluoronfotute {fs rec li.ed meter apthorestertiech ez at 1209° 
With suisequené pulverizction, lecclincg, filtrattow, Siussing and vacim desication 
of tre obtuined powlere 

agcording tof 254} she reducvion of sotiusuii= flveroniotcte with sodium is core 
ried ovt under a liver of cod: eblertde in open vecel ir the open cir ct 10004 as 
result of reducing of lnocer sowt of jotcssiin Slusconiobe te, flusiing cme desicer= 
sion is obtined o metal powler contcining 98.9 = SO.2% Dba th ( che xow't of tntalin 
42 cotetiined ty Lt convert fm the initdsh salt -u5 acdin=tlr Zoec rot exceed C25), 
0.02 ~ 0.05% Th, Cool - Oe CM Fe, COT = C.005 S41, C.1Oeds Mt, 0/09 ONS C crt 
-dout 0.5% Op. Direct extz ction of rtovium caments te tous 905 {2/5|.. 

Fowderous rioviir: ean be olt-.ined also hy retucizg Beta occyfiw-roriobe te 
EpeNs with vociua [253] (cfter the weves molecule is >evoved fro sche iy decicc-tion 
=u 200°). The redwing conifvions cre amlogow <0 the cras ceserfted for the coduction 
of rotassium fiusroniotatse 


Terivuston of rowlarows toct.lum cn aioblum by reitcing thel& 
lide eompéumie with cr  nesium, 


In cé4ition to the cote described ~ethods of ok aning tantalum and ntiobiu ; we 
cers faum hlite compounds ‘here is stili orovher interesting method of reducing txntal- 
un culeride ( niobium chlorite) «ith x. Peni }205,2% ewhis method is cxalegous to the <4 
ecely ap loyed metood of obtcinin;s tit.nium cu aireconiium. The seducing recction is ex= 


thermals 
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em it takes place at a tecpernture of clout £504 f.eetelow the melting pelot of mone 
sivma. Prieto-Isaza condueted the process ci TF G08). at this teiperctirs She dsobric 
thermodyncuis potential — A Mico &2 mecl/g-< tom wlich secures the passing of the 
vecuction reaction to ‘ts conclusion. The reluction <2 Tals ct such a terorreture te 


Teiized in vororous stote. AQL 
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The rrecess consists 92 belndizs a ti.ntclum pentachleride powder with mocnesium chips 
taken in a 10% surplus, and with «xy ‘sind of substemes wich cf a cortesyonding texpere 
ature forms a Ugvié bath with misnecivm ciloride,obt- ine vle 86 result of reduction, 
particularly with sotessium chloride. The mixtuve is extered into an fron oz Pyrex tube 
one exd of which 4: hermetically sealed, The tube ic heated qucuclly, beginning with the 
bovtvom, Until the vecesion sturts 14 feneceuscry to riise the terperctuwre at any civen 


point of the miccuwre ctove (508 a more simple metho fou such hecting 4c vhe lowering 


Oe AD by ae: te + A Site, 


o? the tube with misture into the firncce ci rete of aczrosimtely 250 rfoine The fiomice 


cvlem come 


suould be hected to a texperatire of ~Loct 750% hes etcl counts of MCl (or NaCl) and 


tont.lim salts ese wei vhe ceccsion Aile: neinues i: if the heruing of the oube by scumbese@ 


+ vote eh ate a. 


ging ome in the fimice f6 disc réinuede ; ad 
S&texr the veecvion L. completed the o.1% ingot cloh wh: tunsclim contuined in iv ic. 
Srcase’ wich votere Then is c @ xcall csuiount of “jraroculosic acid to 2issolve the mor 


ie 
esi: sucplus, eo vell a: Skream fron cm titcniim,the powder is filtered off ef lucned 


so budbiage ot 


with woter and alevhol ni cesiccaved in vicum <% 70° (ion hecting the tcntalum or nloe 
bhi rowler obtuined Uy 2 similcs method, these =eay be & 5 ont. neous cormbisesion when 
exzosed to aig ct a sexperceure cf about 60°). <ciobium rowder can be obtine& by a 
sinilir meshode | 


Pontcdin cna niobiwi rowers consist of very sill evyotcls having en acutexngled 
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dertvitse siuructuce (fice23)o Zac ciswibution of tantalim rersicles by Cinensiona is 

anprominn tely the Zollo Jowirgs 100% less than 8 pre 20% S less + thon 5 yo lesa thik as 

and 7ey% les than 066 y” Froticles of niobius rowder bad a dimension of less than 104, 
hereby 50% of than were lesa thon Sys Q%eless than fo ; 
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Mgo2e3exhin particles of tuntulun soutien obtuined by re clueing tontalin penta 
chloride with nugnesiuaolecwomiucroscozic picture X 13000 . : 
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mn the powder, ottcined uy recucing the en -torinats cozucts of ore concentrates, 


was Zetected the nresence of 27a 0.210 to OocHe of 2 3S— 00708 Fe id 0-128 T. 


Johnsen and f sy (207| modified vhis procecs-sorevhat by recucing im talun penta= 


Cjlocide varors over sneltea magnesium. In eccordiuxnce with thei: description the tentalim 


chlowide 4: pinced ina awertea slutile situcteéd in she horizont.1 tube mice oF boresilic 


ste clics with three zones of heatings Tne >rocess is cccied ovt in s proteztive hel- 


ic: atmogphere with .exfect control of ce vee oF rentcchloride evcroration to complee 


te veiucsfon of same. Ir one of the execimenss She e:ravaction of t:ntulum fron Tells 


cosountel T7e5khe 


Bean the cicmestucthes cel tensclim rodler ues obtuinel , ty the ore ccelting 


mecnod, &@ tantalum ingot wuich was lever rollers into sheetse Im the sheet tantalim 


woe found the followins conters of aaciitiwess CeCe 21, COSTS iis, Codd Si, 0.016% GC, 


sgh sirtler method ws sim obbained a nibiwm -tcstelum 
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no fron his been Cetectete 
alloys 

In a numbers of recent experizenta\ 16,4184) %o Obtcin metallic zowier recommen 
ation wes mde to etloy thc <evu02 of wccucing chlorides, pavtieilarly thet of niow 
biun, with nyGrOgebe Zt i: assumed thet this methed- is one of the most economical ones. 


according vo tds method the cisctire of t-ntclun ané niobium cilevdides, clecnsedé of all 
Peery) 


Avon, is first heated at 500-550° in c hyirogcn curent (hyrtrogen strean), as result of 


which the niobium DeLoc nloride reduces to an aire-gvuble riosium —ichleride, whic’ 
concenses during the ~ecucins process, wiile t.ntalwm pent.chlecide remmins unchaged,. 
ext the niobium wriculeride is reduced with hycrogen 4% above S00*with the deriv. 


etion of a niobium povders 


Te unfavorable factor in the process is this that NbCly 1s themalyy unstable on: 


during the reaction foims Nb ant IClgshus recucing the e?fcevivenesa of reduction. 
~  " Blecizoelytic ine thods of ootuining tantalim and niobium powders 
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Derivation of electrolytic tuntclim powders Method of elecitrolyzing amilted flu- 
oride mecia to obdicin tant-lim yvowder- is at eoestat time vhe most widely exployed 
intusteicl method, Using a simil-r rethoc ,bui én smcller scale, far 2 reriod of mary 
yetoa was obs ined also niobiwa. With this mesnod it 4s rossible to obtain also tantalu 

| niobium alleys 267| » r 
FORE ACE GE eS RR 25 result of long lusting expevinentation Bale 
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in the 3C=ties took out = potent fo> the Cerivation oF tentilum vy the electrolysis of 


steited fiuorot.ntclate fn WM ictwe with tntclum vertoxide cné cotussiwm flvoride 218. 
almost simultcneously with Taite Dedggs and Lillienécul hove cise xworosed to 


tain metcllic tontalum powder by elecivolyzing the elt of tuntolin Plrorice in rite 


We Fae Te Be ab ee dee en 


ture wis vh its pentoidesishereby the cvvcors Dointeé soucmd the need of accing rotassivm 

chlerdige and fluoride so the buthe In serort (223 petlished ty these author Sy is desert 

ded a mmber of experiments with tic abjecg of ottaining electrolytic t-ati.lim coder 

with recocrondcvtons for the fulloving co:zosition of she inlticl bah, % (weicht)s 
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iy umd edédtions in the eleccrolysis pwocesss 
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Condition for easuying out the electrolysis: tepesocure of che process 750°, 
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Curvent density on the caghode 90 axp/ém@, c.thode- nickel bur, mode - grophite cru- 


cible. The obtained powder arter water flushing and rulverizotion was asain presessed 
: e 


with a nitrde/hydrocaleric cold mixture ducing boiling to ~exove traces of metal in~ 
purities and finclly with a mixture of concentrate& nitric and sulfuric acids during 


polling to discontinus the liber:tion S03 yapors for the pursose of resoving carbon 
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Morel, Diswitution ciwves snovine the cizes of ravticles o? electrolytic 
ere ~ovder ( cccordin: to Deicce ond Lillfendahl )s 
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Concesr.ing she cimeacions of ncvtseles of ch- obicined 4.ntclim cowder it is 
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sOcohble to evcluezic come tr th lictedbuefon curves of the powder vontiecles,sioun in 
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Ele She gulevlusedenccometin: to frfou cuion of the cutlovs 
r) 3 ® 


Picecte She eoneclim exuruction 


cons sivted » considecins ciso tac ucsie beth am. che accitions diving the auocecs, 
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It is mevttoned v.22 votvcssiim chlocdide inereases 


sentorcide nvlhifles the -nocic effect and 


be yield ta flow oni dimension 


el whe Cerocited metal z.xticles, tanta 
increase tre yheic dn flow wivh the votacsius £2 
tuntlim rentoxide. 


She awthors a@ss1 enot tontolim fis ebtuined dwins elec.umiuytic rcduction of 
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Nowever with reszect to what corzound decomposes curing the ovtuinmment of motall‘: 

ce ie 

tantalua shere ia eles another opiniones ni S09 Lick ences ay" having Gesesnined ; 
the Cecomcozition potent fols of salt rixtures contuining tentalum, ‘asxdved 2% @ con- 


clusion this the mete is obtuined diving electrolytic leconpesition of 2 potassium 


fluorotentalates 
The authors shaving investigated the intensity of Aecomposition of tantulim pent- 


oxide nixtures with i aicterens acltss Ivl, TRCI, CaCly, SES) » EBoe RY, anClo, TAB» 


imf, IDH, MgB Do. WY, TacBo07 and Nay 2075 have not detecte? on the J - J-c:rves any 
he 
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other inflection points corres,oming to the intensity of decomposition of tantalm 
pentoxide. They assume thot eithe> tas does not suimit to the effect oF cuccent in 


ray 


che melts o?-these sclts or its deciz:position intensity is higher oe that of 4 


é 


Cores omling silt, leee metallic tmtalim can be obtcined étcins the electrolysis of 
micxtures containin~ only Taso 


cn the J*¥ curve for che mice, cdnecining DiePp, Tap0s anc “DL, were noviced 
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tensions 4 

co tofrkers in*lcetions,corzesondine vo wo vlues of deco~rocicion ZREEXEBE; one, o725 : 

zently, corresondins vo vie decomposition of ipiak, (1.45 v), the second one + to the i 
Cecorzosi¢ion of ao0s (20:7 ve (The ¢etermin. sions were made ct a sempercaunre of &00° : 

with @ plcSinem cothode and crophtte cnote). — 

Pp Secomdin: to Drdscsbcchlezo, 226} who studféd tre phenomenon sr sol-vizasion supine 
. 
: the electrolysis of miscues Tpic Py with 2a205» a Pivot vherc is the Cecompesition of : 
1 TpieFy with che Tose sion of Za, DF am CR » wheres: vids poocecs has < comveslonding : 
‘ t 
rolesization intcnsists volue of 1655 vo The addition of 2 B2eCe into the clectrolyte, : 
; 4 
i acesrdin: so vie observation: of the author, o.teslno esol: rizatione 5 
i . 

3 “oweve> she BREW ENSIY evollecle expevimentci retecicl Coes noe offer the prom 
visions of miann cefinite oiitercnts vebrrding the mechiniun. af the noocecs. . 


Créer Industria cuntiitons tantulwm ic obtcined curing sie feedin: of tnt tin mf 
dexboxidide into the tuth,whereby 2 perfodic feedizg of some into the beth prevents the q 
epperrance of she cnodic affecte 

ths lyeca reports {225, 226] publisked beel: in the forties. Suk added new data 
conce-ning she comiitions of conducting the procecs a obtaining electrolytic tantalum 
powler «| i 

Accoiiing to Myers the composition of the eLectrolyzing Kth is asp follows: 

a mixture of 84 ICL-EF of eviectic composition, 10g EpTa¥, \f Taste. 
The solubility 14 44 of Tags in the both at a 109 content of KpTeR cunsti- 


tutes 5%. In the ectictic ricture of ILIA eve contiined 4902 welsht £ of KOR ant 50.8 
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‘ 
Consequently, the tot-i cso:rocition of the bth wos in Zs a 
Theccsrcecnwecccoveg gs 
The optim terce.ctuze of che process wis 750%. It is reverted thut on increzce 
fy te:recaiwe ov in cuthodde cuovent censity leatc to an increcse in che dimensionz 
of ixotdeles of the metcilic @ niclim powlars | 
Mowever, &ccording to the invevigasion by Ta a Be7| the {reverse in cucvent density 
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neoétices &u inverse e/fect or she “irension of povticles of tre t.ctulin nowder (Lize 
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Mr ee5etinerions of tunt.lum Mx025, Dimerclon os sri {Or der paste 
rowien orwvieles ete whe Ger eulen- Loles ia. sheiv cerextence tom she sermec- 4 
ce wen tre cuvroéfc ciwent éenslty osure of the pootess ct DW an/in® ( ty ‘s 
(ex: a coop | reg C2202 ox Tra) (Deih comrestea date of te). ‘(Conrosition o2 woth: 1 Pers 
sions 1 DeNpindy, 1 pelWl cn2 el De Bey; 1p MOL, Ool po Tag0s) 
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FiveZle Dénenaiondoz tuntclim nowler eget nt ang, sheix lepen= | 
éence wor che te-perarure whe process at 20 ap /a=* (according to Ma) 
(Conzesition of bush the same ag in fige2b} 
Accowting to Ma en increase in elecizelysis temperature from 800 to 950° lenis to 
a reduction in dis;ersity of the tctalum rowler,; con frerease in eathocle current density 


fraql0 to jo acz/tx* Jeeals to a retuction in the dim-yvniions of the crvst- lline porticles 


of the ventalum powder. eas 
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The auchor remarks that by extctli: conmurolling the wnéiciorns oc the n=ocess it is 
possible te oitain a ooexse Of fine powder stitable fur cay excertional cases 

In cntustey electrolytic tembalwa towder 13 obbained wich a te@iun grain size 
of the order of 50 w Bs]. 

Industrial derivoifon of electwolytic tantulum fouder cv ‘nericen pl.nts is 
1005 veaiized in dron beths (vats) with the acplfe.iton os foon c.chofes cnl -puphite 
exotes [159] oz in dvon crucibles serving os 2 cuthode wish cau hite «rode suirerced 
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pemteside is veing 22208 yertodically to the &Llte wlecurolysis 1i euvted on to 
=) 


vhs soint unvil che volume of the remaicins snelt czzems too smill for she continue 


Pay eae 


ction of the rvocesse Créin.vily the clecwolysis is revlizal in vie fo) lo: wale Tere 
3] & steel epucible (cuthoce) ds Pille@ up with a misswe consicving of rotecsitn 
fluowotc nic late with sotacsicm cilaride uf fluovide. Zhe sali risscure !s relied when 


ascir;; siternate cuvent thrutsk en ciucili.cy elec wroce sesrecia. wv inorezuced into 
‘Sd 


12TH ae hate hagey, 


she beth, from wuica the Llternating craven’ 15 short-circuited on whe cruphide ter, 2: » 


the center of the baer Lo wlte (ersie). In oder tus dwing this sige of ruenaring 


-elh e 


whe WU the steel erveible should not de attcicime b vhe cu.elted clecwrolyte , it 

4s cooled externally oy & ctrean of cold ele on water juclet, widen produces on the sag 
walls asd botvom of the vat a crotvective linin- erust of whe cooled off scits. ifter 
the electrolyte pas teltel Sentolun centoxide is suimergec in the melt, cléern -ing 
cisrent is connected, the cucilfary electroce 4s pulled out cnd DC cicvent is cut in, 


Prom this mownt on che gxtexna” cooling of the crucitle is cut off, becawe the 


4 hs beng, a8 « C+ bb bts. 4atierennts’ >: sind es. 


steel ovucibvle scervegas cxthode, ani es ons as DC cucrerr rina the crusibdle will not 


de attocied (moxrcoced) ty the electrolyta. , 
45 the oathodic “e-osicvion eccimulites on the bottom cn walls of the crucible 


the anode is being reiccdé craiually. 
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Judging by vhe electrolysis proceca into che crucible is being adéed resulrly 
tiuntilm pentoxides 


-fver conciusion of the eLecuroly-is the cooled mss is exivected from thes 


erucitle, 1% is limped od shea pulverized into « rowcer in a aspherical grinder ina 


coved cyele with ciz senecutionese 


Sue vo the weater Cifferccees itn she wzect2ic vel hts of the metal (15.5) and 


‘¢ comroncnt rats of the elecitvolrte ( che heaviest of vhege - tacOse hos 2 specific. 
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elecsxolytic bth 1, 


The mevclide navcder soes then for tres ne ere on = cone niruting tovle vieve the 


elecsvolrte cerosits and crapnite ptieles ave senom ted, shese rcvticles _eneirate 


4nvo vhe enthotle sootuct os res; a3 of Giuurbonece of the ocrcphite anodes ( Locces in 


% of thc totcl weicht of the set~ 


bled tntalim(252]. atte: fin wcter flusling of cll sclt iruces cni dron impurities 
etc. with -cl@s the rower is cesiccatet in cerccic pommoctheooe 5 stecm hetted pong 
39 ® 270}. an some insvonces whe powles 12 enbjected to additions] surifMection anZ tne 
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Derivation of electrolytic niotiim rower. The Most rctent on the nm cuficture 


of electroltic niobium powler wes toten ous by Talia (23¢} in 19336 


The scvert ayole «bout the decivucion of meteilic niobium powder dusin ¢ the 


elecwolysis o2 = rot-ucseium hrcrexyfluoroniottte scealf in an foon coucible with exvere 


nal water cooling, with the crucible seaving ss ccthode cord opuphite bur a3 crode.s 


wea 


30 gives a cclerciic deserintvion of the coramatuse 
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'a E7\ irvervis.ved che effect of cusnodztc ciucvens 7 nodty on the Cinmensions 
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thee eae Sicectied sales 45 meited fas Stetel oxvettla, whies cisco cerves a6 the 
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shospnive (235 ond chleriée| 23}, baths, 

Thorough expeximents — Sawn, however, che i-posaibility of obtuining electzee ° 
Igtio inated dasositions according to Imcuryshev on2 Prede [2h7] ami alse in cecocdence , 
with other sirfiic: morescis(2;,8]., During the electrolysi of phosphave celia over @ 
ca shode, £5 was fount ry(ex\. there 3s the sercrasion (fo.meation) not of he tcllte 


tuntaliwm cnéd niobium, but their phosphidese 


Reduction of tanvclum an? nfobiim oxites vith ezleium hydrize.e 
the reduction of toutulw ani niotdim sentonffes with ecledum hyécida in a hydrocer 


cimocpheare was invesvigcwied Gr ikyerson om acl ei:tes (ec5]. Teaving she mets misvure 
bee, 


peat be? onal on sal Sa 


Of o:sdces ani e.lefui hyirdiae in dvon eylintriecl eriviges in elecurie tubulcr fienaces 


du egies: 


in a hylrogen ciream 2% amoscheric pvessure chey obs ined txtclim cod niobium brravd@es. 
) 6 
the hycride rowders contcined woo $9% of th: total metcle “coerce frelulinc: ww to 
: : uw “et 
0.0% of H in tont.lim hycride cnd 1 - 14% 3 in ntevium hyeridee The min mse of 
Lyirdé@e grcins had c dimension of up to Ly cn wocked off easily from the ecleiwm ome 
‘ 


ce oiluted wich hyGrechleric reid. Ii was found shot the best e.nddsions for reducing 


rae Lette Sea 


ine 


ce 


TaQs is the texperstive of 1025 = 1100* enc e@ one hours em octwe; fox Tels 959-1035" 
é > a 

-& pacent for such recuction in 1950 wes obtained ly Govdiner (256, wre >oints eut 

as . 


108 cond co exposive of from £5 min to l hte 


that the obt:.ined hydrides con te converted into metallic vowdera by hezting to 1850° 
on VacuiMe he reduction of CaHy cen be conmined wath CoSig os with mojnesiue and 6 lue 
minur silieides with subsecuent obtcinment of pure metals by heating the derived Prv= 
ducts to 2300°for the di. tiliation of silicon. | - 

The method of reducing ovides of vurfou; metals, incluiins cht ef tentalum and . 
niobiua, directly with calefim in a ovlincer (bon) with the addition of alkal4 halfe 
des or rara earth metals wus introduced back in 1924, ty (254\ - This method found no 
practical applications 42 a : | 


Reduction of tcontalum and niobiuna oxides with silfcom, mactesium, 
rare earth ele ants and hydrogens 
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et ne oe . toe we eee 


rons S/ ses A | lect 730551113 Puge BS 


These ate xumerow other nethots nf obtaining tentalum en2@ niobium ant their aileys , 
f:on oxizes, veich nevertheless, found no iniusirial aprlicetion. These else incluie 
whe crores:] of veducing set] oxides with silicon ct terperciures sufficient to remove 


see foscing silicon ronoxiie s(257{ 9 Tetnoc oF aati tantalum ond niobium ocides 


with tore earth elements ani masnestum{75] « 
re were mate tO cedvece tunt-lum cm niobium osices with hycrogen ot vare 
fou. secmersiures on ywecovrese Incing its cevion ave formed lover t-nticlim and niee 
obi bade « eet U8 des (258, 272\ recordirs * Aw, ‘Os0¥ metallic atobiuc cin be obtcdned from 
Wexsoize tr employitig ctonts hydrogen tor the reaus tion(259} « 
hedivesion of tuntc*uc ant niobive: oxides with carbon 


One of 3) xecods seecemciye wed in insuswy for the ot ve dren o? xfotium is 


= teal eLtect ao harm tevunan sry oho err one ss pence ib ak net NE tht Rei hE eALERTS 


the ecrvothernc.t ve hod. In vicw of the clocenecs of the mooresties of tontclum and 


Baer reas 1% 


nioodim odes, ae this method it 4s, epparentir, nossible to obtuir alsa tantalin 3 
(ent comclin/nioviim cllays). In +.ds ccse compees netol cre obt-ined Cirectly. d 
t 

“heowetieally she rvosecs 4s based om the folloving wecctiorss {. 
Degts  5C = Bin 45002 3 i 

Imes 4 SC = Zt 450. (2) F 

Gepbon reduces Seibclum ant nfebéun vertectZes cS Senpecctures oF 1500-1900" at 4 


ammocphesic peescure3 in vacum this te.perc cure Gecreesese Since t-rtclum and niebium 
vossesa great affinity to ccorbon then in the presence of eardonesontiining maser and | 
at a srcater vate of diffusion in the solid phase, witch tule rinse at such hich tene 
serabuve, the metel appear to be contaminated with carbides ong to eliminate this it 


tees 8 ry er ae be canoe 


is neces +o have an oxide suplus in the charges The fir.t mmerimarts to obtaia 
juntalum by reducing its pentoxide with carbon vere mde ty Derzeliuie In 1907: to oh- 
tain tantalum the Slanens Hhiske can E77 recosmendad to heat the nice of tuntalin 4 
oxide with carbon in stoishiometric amounts ot woite hsat im a hydcogen atmp Jere : 
with acbsequent removal of the sorded {sorption} hyccugen by heating the mete] in vacu, 3 
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Rqwiiiieium reactions (2) ct 1000 - we7oevere investig-sed by Slate ona =1-son(2i5[. 


The Moct efforts bo obtain niotiw: dy a ateaive mnathecs were mid by deviite\73| who 


having heated the niobiun penvexice sicbire wee ecrbon end eodivm ec7bon-se obocined 


a. mit more of Soxp dea ‘oni nietium nitridee Turasan obtcined niotiua cort..ining 295° 


2os 02 carton in for oe: coxbide, by Sezvityy the notin renveniae nize it co d02 { 4 

wleck in teguum in an elecoic Tn.ce ay Mich 4 enperct ure [731 : 4 
i 

In the 19;0-t4es Rohn wovose’ to obtain cecinin metals, inclusing clso sioblite ‘ q 

br recovering Sa-€ son a oor 2ice/oxte misc we in ae She leremosbenindusecy ‘ Z 

Co pitemvec & giziler method. Sou one inirg rewals from the It bo VIL crowns, c- = ccuere i 3 

4ge4 ty the foot that te wecovesy fc fone in an ines’ neterens Vaerim in the presence : | 


~ 


co 


fr 


cextiuin exount a? eee 


In the 19,c-ctes weling p.venved = eval of elvcinirs Aonuclis, miobive: anc pete sles 


alloys uy redutizgs in she mdirewread tneds ciddes 2h cocvices in y-.0u9 [25142521 


Secocding tO Lite 52, % the DoocecS O21 OLe.LAITS niotiim consists 22 she follove 


Ce 


8ynz3 Bis eda ek Na oh orice 4. peegiceé foam sigbium wastes. scmaining Guwcing the 


derivation of e nbehwms a Dab Os the OniCe 4b Cen migod wy heating a4 wdxtuve uD 


o ppghite-tutuls Aunce ine protec 


a Dae 2G 2 tenpErn wre of 1000 - 19cm ins Kw 


i 3 ‘ Fg ox . 
PRT: Se CE Th hee a ieee See eer 


gece 


farizo len, ExEon) OF ae yooum ot LSC uneil she seruxcvion of CO 
of P e rf 


eencese Corvide is méced with okie ip the acount worrensing equal atomic ru+io bet= 


veen the oxygen ont exrbone The mi:ccure is Fre- sea into vlecks a inso tors wnécr & 


sresuuce of fram 15 to 60 te/ru*e The reduction iv ccried out in @ protective gos cue 


pista ene, 


sphere nptrogene Jarzetie ieliun ese) o stil beter in vocut. The nre.sed litvle bere 


are evnpended in the ir. tex for of whe graphite resist. ce SLde» avtacbci ian the Yacum 


purmace batveen the cooling water clomps. Vaeu rexching the neor scary cegree of vecwun i 


through the graphite tube is passed aa ale atric cuctent sufficient for herting the 
tube to & temperature exceeding 1500°« 


cepexation of she caxbon ronox«ice secard ins to reccticn 
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“MbPDe 4. SWC e TL 500 * (3) 
40 vacy rapld whareby 2 cecter port of 1% is being recoveé ed pumps within a veriod 


mt 


£ geverel minutes Touerd the erd of the reocesa the rite of reaction decreases ani 


the pimping sonvinues wo 40 the roint of a.caining o-08 ¥acwme iftes coolin- the. 
mescl ts tiken out from she Arncee in the fon: Of < yoreus force’ moca havihg an inte 
wil fozun of oF sm.ll presses tears Uub of somevh.t emiiler dimensions. «aftes aydioe 
sure 4202 ene metal is rw lverised into rowter in = srhericul grinders The powles is 
- 2ccdn nte.sea inte cusil bars unter 2 rrewsure of CO kyfem®, Shen heated fn vacw ty xr 
eucring 2m electric ciucenme tiroush cocee In cdétifion to sinterin: the etal it alo 
wedvees the ccton conteht oni semoves the o:c’gene TO set] w> the roves ex. to ovtain 
a ®& consiste.s metsl whe bro cE Sintering are Tacged tccebher to reduce che thie 
: : tess tr < prosimivelr 20S. The: ave shen re%i ‘red irvo- she cinterinsc Momce ant 
acain trate’ to hish termpevccoires. Thi. evele 1s repecte® onee more cn the obt-.ined 
eehabide compiet onc free of tores/. 
wecescin= to dcva.0 E5:, 2 275| 0 niobiimy, rccoverec from a imbeOs 4 SIC mixtixe 
oe 27068in yocum, 4 not pulverdisced, but bowdictcly cer recovery is subiccted + 
sintesing 23 2350" in Vem as seculs of wihica i: obs ined a limelice hich purity 
niobium widea easily cuccits to cold precauve twontmerte Direct exirict+ion of niobiin 
fron fts pento:dide irvo site metrl exceeds ob. In the e.pextments of [261,275] were 
ire iige the technelesical foctors ani the mechanism of recoverin- niobfim fron 


its pensoxide by th: cuxbide (cor dide-thexmil} methods is ex;lainede It was est-bl4- 


wart mania tnt tacts An Lose eh. tcnidt ee iia R SHR RIE viet toe boo Bas Ma 


shed in px =thevler thot the totel reaction (3) 4s realized through the following in- 


texsmediate sunetlans’ 


edgy Bret IF amd, 4 Semnce Oty 6) + 2. 4) 
(Secause yhe *NbO* pha-e is homogeneous within linits oF from MbCy 99 t0 Ibo 70) 


-Snsezt formulas 5, 6, and 7.(pace 106) 


One of the-impactant phases of the rioblium and tartalm reducing mechuniem in the 
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€ | formasion of‘ lower oxides oF these elenents,charccte:ized by consigercble vapor precsure 


/3¢ 


© ’ 


SOE OR Bey OS I Ra od 0 i ele ot ets ya heen Se Sak ~ _ — — _ peatland 
ns ee ee rome we ee ee Se me ete ome 


a 


HTM b56/Se-ce 2. 27B551113 | , sage 48 


207, eirest- cy Y7CO®, ant she : vexcsion of shese oxides in yororous state oe the colid 


carbifies or with owbon ble’ ( Cimizs ftrect reAuction)e 


Wotiw:, ~acoverc< ty the curoli@e rethod contuins efter sintering in vecus at 


“a 


f 235 aoe MO Deco Sin $5 eGR OF SL she $-nbiim =wmt is? het excined iy 145 coments 
| in che infidel sfobtur rertomide wad muy coset ms tO CoMs). (205 = 7) 10°33 0, (2=10(- 
’ 103g Ce elses in, *acs ireland 101634 5 ote Se =e als Cx Ca, is each » lecs whan 1.107% 
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plZe comesteuing & trecovincct scxt oF the ivb-0 oe} SVee mistizve is more cocrsee cen: 


o 


than tne diszcrsion iigts rowlers .na cucbon block, am this serves as cx cdditZonel 
recaon for setter Volimecric weisht of the I “bX5 +5: OC mitre thin shit of the Mba + 


5C mixtizese as zeaoult of this a unit of worldirg volume of the vocum Divnise con hold 


Ze} 10 3 tires nore watericl ( ficwing th nioblim ontext) in the former tricuettes 
mode of the ibgtst ‘SC mixture thon fro: the hgOs $50 = rixture [iss Azthescore, the 
deficiency of direct reduction apeears to be the obtaimmest of a metal of very hich poro- 
sity wuich murs its further sroce.sing quite difficult. : ; - 

th the cardide-thezral (carbide) ve thod is posci ble to ottain ompect tuntal- 


um enl tflobium cnc theirtalloys not only from rice finely pulverizad oxides but also 


Zirectly fron concen.rutss (5524 /37 


ris at = 


eo. . = 


NOL-555 fStage Le PRGOING poge 49 


In the case when cancent<ates or other contaucinated miterinis are 


used we first obsvain course carbide. It ovtinartly contains a certain euoun’s of sitcniiay 


cra silicon wale only poriiclly vols vdlize in the poocess of corbifisatien anc alse 


fvon enc mungcnese in fou of metals oc coxrovnds easily suimitsing +o the eSfect of 


vince acmi:nue in co.wse caridde Jo not form che.iccl ecrpounds with niobium 
or. tmnbclum carbides, ani sre only Slenfed with occa, (Grit: the exceostion of discole 
) shen Awin, the procecsirg of whe psoluct, eese with netzochlorie acid, od 
then with aq. weghe cnt o gain with ‘ydvochlorde cedd the toon, mangcrece, silicon 
wok other adchctures (vith che exce uton of siiurnium) cre recoved am s pire niobim 
~ taonsalum ccsbive is ots.ised, wide. can be converte*® into o:dide ‘xr ccledinitig in 
Omen Cle Byrom bnen om the octex of Opevccions is *n:lecous to vue one explinede 
De esivution of commre, metals | 
Of whe mown meshoés of obtuining compcet metals sc secult of che hich relting 
point of vanvuuim ant niobium only the following ones ¢.u fir: tos4 ble <-pldeutons 
the rowler metalluvey (cescves) method, voeum sce Oo: incus+ion meltinge 
QL. sment of sanpres to ntclum and niociinm tr the Careret methode 
The powders retcllwgy (Cezwret) methodswn'ca incivies pre.sing ond sintering 
opere sions, a >pects to be she convensioncl] metuod for the obs iment of eampact tertae 
lim crd niobium | . 
‘aed ing (ortieuslon). 2e ree won the desicniion of the of the billet it is 
prevse in fon: of rectcncule pletes, if i4 is intendei for rolling into sieets er 
in the form of cuall square bars if it fs intenfe. far wire crawing.e At pEeent tine 
the weight of ani?l tant-lim bars coes up to 225 - 10 kg. Haxtran dimensions of such 
cual] bares. length 760 me, width 64 mm and thtcinecs 72 rail}. The mec’ convertional 
dimensions of call niobium brs (wldinga) fe 17° Xx 67 X16 om at & wizht of 750 g 
75} and 457 X53e5 X 25 rm ct 2 weight of about 2 1 (277}. 
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2 See * 6 gree euch smzil vars detachable Anat aie costing wolés & eve weed in which 
veptheal and Lsteral preveure is préduced. hoe she Pe. “ose Of nressing is wmally wed 
anichure of initi:) met sa powkers with cheiz hytrides (from westes) ang with special 
editions (Sazb, or carton Blackye | 

The finelyes..ined powler,obt..ined by metcllethermcl recuction, = as to its 
larger cpectfie surface is cre.seZ inte sufficiently ciz.tzle billets urder a oxcustre 


Of 200 @ 205 tfon? (tansclun) ond 160 - 305 3/em@ oe in came dnotcnces 


for a nioblin powder sce wel somevhis hisher peeccins ore. cweBbe 
Cosvseepiined tont ium one Hoe POVIELS » obs. inet uy e@lectzolycdis, ere 


pressed at e much hirher ovecsove ( wp to & sfon@)~e 


The poresity of ore sed noléinzs (o7.12 bows) comstisuies for retallothe:r-l 
é.mbulum ond nfebise rowlers atows 25 - 20%, foo elecsrolriis t_nt.lum rowler abevs CC 
(uy volize) B55}. 

Sonet‘nes @ lwiedecct £2 wed ducing the nressing - c solution of clycerin in 
cleotol os poz: Min in cusolime. Micinc the rrevcins, to cvold sic. cificsiion, 1% is 
Sichly S-rertceb to weluee she rrecswre itucuclly unt urifesn 


Sinvering.e “hen sintering tont2im an@ niotiw roliings in v.cum a mmber of 


Weer Neil 2 abe otto a cy mn Nee pinta? hui Dems! s petted events at Selly derbinen caataal on eindcinfibeainams: \eeNPieebise 


complex phyciccecheric.i phe-omena t-ies plo ce + ev_—oz scion of liccdd teciaves vsed 


Leet 


for moi.tening the powder curing che preccing, a cocbel woter va ers; bers ion of 


the hytixogen atserbed ty the novder during its nytrometcllucclecl processings cecommom 
-Sition aod evcyorc%tion of the ecmistures, lich my also zerct between therselves cnc x 
with the +. ntl end néobium ( odes of wWriclim cal nhodiim, silicon, tit.nium, re 
corbdomsresidues of sults of allnli metals); <owih of metal crystales sivinince of 

triquestes cné conversion of the repartecd rorosity into closed porgs with sinult«ansous 


recuction in the entire rolims. : 4 


ft 


because of the difference {n the sinter. ing temperatures of niobium {zbout 2350°) | 


nd tantclum (2500°] the aciixtures during the sintering of nlodivm are removed vith de 
lesser e“fectiveness. SSF 
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The rrocesses taling place ducing the sintexing of vanbuba axe ‘as foliose 155 9262 
258] firet of all w to 2 temperesimre of 100 ~ 150*thexe is the evagoristion of the 
Liswlé residue used during the preusing as well as sésorption of water end gAsese It 
siowle be mertioned at this point tht the texsioa of evurovebion of the cdserbed films 


of cdmi:ciutes, ineiufed in the chin wievowcopic em sulxicroscopic crucis ani pores, 


 asicaleann eaten 


sdb ntndasin ah the ssvets tenn oft Sibert one ns ate nega tenant sits aa RIA, 
P - eS eG: sd fe, : 


pazviculorly on surfaced, cozted via porous oxide films, +s belo. normilesat this stage 
of sintering there is ¢ noticeable increase in pre. swe tn the Vacur: 27 72retuse 
the following considerudle sre-oire rise {2 the cpporctus is otsesved at & terper- 


cture of 590-650%, waien ts cormmectes with the inve:sive 11 vavton ef tie Hamm hycrogen 


atservbes by the metele 
Swing finther sintering 26 LO - L500 wke clini wetclert cusbon monocife cape 


ounes ex-ectence intexsive wol.cilization caused UW wns veie, o7 of the carbon with 


If 8eving the Pirct tio ctoges the gasepus admiccrures ore being elirincted quite 


ho 


romtdaly then thi. stcge is enorceten@zee wy 2 sel.vitely slow expulsion of cases. Dir: 


lool | 


this stage is also ovserved & sovicerile svowsh in tre “PeiDB, ‘rerec.e in cinensions 
in irtesscvticle contu.cts an the Aevelotment of cicuexmcorgs psoeccs odexchanging 
nonmetallic convacta into mesalile cnese . 

ib to 100° in vaceum tues pisce 6 shezmal 2issociction of the tct-lua pentorits 


with the fosustion ef lover apices necorgoniod uy -.€ liber_sion of o:ygene It is pos- 


* 


sible that lower tontalun onides ciseclve to 2 eextain extents in metelife toatalime 
Above 1500 thers is a gradual volo tlisation of the lever torntulum odes with simultc-: 
neous Secompesit‘on of ths soli2 solution. The volstilizetion of t-ntalim acides ountiny 
es all the wey up te the fined eras terperaturese 

110) Yhen the vocur apparatus conte ins certain cmountea of onygen ami nitrogen in the 
tempecatuce r.ngy of detwe:. 1600-100" Deverse nbsorption of these cases ty the metal 


may tale place. Wf, 


| e Cote ee 


Fe tO qo TCE Oe aa peg Rete et sex 


PRT OT yt 8 1 
+ . i 
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“Anadogoe processes, but et somewhat Aitterent tesyerenares tele place clm dcwing 
‘the ‘sintertre of niobium (274 « 

When tintalom is sintered at texpersi ies of 1500-1900° and over there is alao the 
seperation of silicon ani certain other admixtures; here she silicon volotilizes basic... 
ly in the form of © lover aiide S10 (0 sort of it can also be zecoved in the fora of 
netallie silicone | . 

Ab a tocpercture of plus 2000’ tne evevarciion of slso other 7dc-b:t:zea comes to 
2 holt, this inelutes for exemple fron ar alelel. is 1¢ csuve closer to the melting 

poins of tontolum c emcll evizorstion of the mess. ltcelf tecinse at clove 2000° there 
43 the sost intensive shrintage in conmnecsiuu wich the cevclorment of the Goin scowls 


ene err 


Docecse 

IP wes wstablished oh.s the ceMivosion of quiiit-svive t.rivlim, po ctleclly free 
or any edrixuwea, 1: possible only in the ecse when the frdticl coder t:2 a stecific 
vaoctio Setyren the content ov eérdintures, esneciiils emobon cr appene 54 is cacimed, 
fo. exmticle, tant to recove she ccutoniuves from sine.lum aciies of voletile mescls eve 
e48e@ { Vudes 02 TS, IL aw eo The cdmdictecces oe s moved in foom of oxygen cone 
veumas and the viletile metals condence on the cool =-uts of the yucuum orpeoc tus. 
The dest thins im this res pect is to add. weg0s directly. at an o:yecs cu;lus fa the 
init4.1 rowler it 4s necess.ay to aff @ certain scmunt of corton (curbdon block). It 4s 


ape ied thet tantulum ant riobiim edrixtisesa cs hiLh tircuperms ure sintering are alimin- 4 
D A 


els . 
° 


fe the foon of lower oxiles, ence WD, SIO ete. 


“hen sintering niobium moldizgs the process my be Aiviced into the follor ing 
three stages [27% -  t to 800-1000 a creater mount of kytrogen is Mbe-etod; its 
content from ea: proximately 0.27% (weight} in the initfie] p;owlers- Gops toc C.O0lg 
(weight); during the seconi stoge of the nrocesm at tecpersature rooges of 1000-20¢0% 
is revuovec the garbom anc the tasie ooount of angen in the form of ©, ani the in 
the ecse of en angen sir,lus the initic] Bebiis power {a Soosted ty c cavtsin count 


of carton (2/5 of the ecliculited for recov} gen in fox of carbon nonoxide). 
4 


ed Nero cane ty whee 4: Viah, llnd spelt lla Ail: eilhtnatansats amines areavescatsntaaa aaa EE ETO, 


Py ee a ote . 


RON ee 


A ett tits BT sn tthe conde te ib Jey wa tees 


~ 
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The reaction betweun carbon and oxrgen take plcce et subsiziabinl rate at.1500 - I70l > 
The cccisive fcctor in this si2gR of the ;cocesse cs well os ducing 211 other stages, 
is the zute of solution anc ape tuet8 of cliniwes , erect lly agygta "nc carbon, 
4n nfotiun, Dresence 02 apparent Sates whien 45 attcine€ tr wing foo the sintere 
ing c mi:cture of thin cn more come ( from hy side) rowlers oni = cenere! size of 
tre molding surfece om uvte 02 sexverccice cicings. Do svoid the forwwtton of ecvities 
ond Ul‘sters witsrin the rolZizg (bur) the site of tercerctwe rise at this sinterinc x 
woo ge Siould be lows At thi. stage ve 2lso hove whe sozcr.sion of a considerctle counts 
o- cilfcon, mrotcbly in the for: of nite 

The wil since of cintevizng (eee: 2H90-27009) 42 cluawctexrise’ cy relote 


Svely slo vesov_1 of oxygen wemains in th fon: of lover siobiim ond nitrogen o:ddese 


a0 Pak whe el arrtnlegh har anita Dis ih 


‘ecoriing +o \278] in the sirtering of uiowlim © reais: sole 4s :asumed by the 
puoce.ces of cbsorbing cn Sissolving cuses ( acser, riocer) in she metal ct texpeve 
newwes oF wo 40 17EO$ Leclin- co on fnececse in the electade reais ince ori hirfinets 
of the cintere€ mic -teee 

The sir lers,chccuctesdizing che comtest of at-bovures in the in&tisl powler cord 
sompuc’ nlobium melding, sre listed fn table 2%, ; . 


Pacle <0, Content of atmixvures in niobium vewler cal in cocn.ct ot mole ing]275,477 


4 


ae aa nga. ae 


Deste’ miericl Consc1% Of ce insies, 


> 
\ 
: 
i 
1 
_‘ 
3 
r | 


if 


ae e 


SS emmamnamemael 


Tetilie niebdiin porter 
| lemests of mesrtcel wigs os tp acdeing) 


Cora.ct niodvium molding 
Juiging by the tbehcvier of the admixi:ces ant Gy the charge {n ‘he powperties of 
he moldings, the maximm temperature of tintilim aintering sioubt be 2500°en thet 
of niobium 2250 - 2350°. The chenge in rroperties of tintulm molMings dtring hectin; 
is 
em lorg lasting exrosure at maxims sintering tatpereture ZEB presented it Tge5e 


znd 3, and ths eutrge in the properties of rioblim 2uing the sintering process - 


in flee 2 4-356 /@2. 


Ck en 


tewir 


& 
rd 
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accozrtins + Hyera( 256 » When heating tantalim moldings uring their sintecing it 
1a for the following coaditions ( data given for the mol@ing with cinend ons of 
227 X $03 X 202 rr)e 
PerDesc vite SOc acue wees cetwexeetloy 2000 2500 
YoltcgeX7MME mex one c= of Tengsh of tic vollingesCell8 06255 Ce31D Ve 
arperage, amps 20 350 1000 
Whe oittesdng of t.uelut crt nfobium roldirgs (tive) do onddinodly wesifzed ta 
one - sometines- in S00 ob:.cede In she fiost st-ge of vinterdzg 15 elirinvel che Sube 


ccn$ which yrs ncéet Giving, the vSessing™. 


Piset2,gon.nie i= reoresvies oe So hwo Mec ire soi Is. pircesins is 
oh ee | wv 
Fuca (:2corzin: vo «© Teers)g le termhizy Ze elesacic wecisernGeg Jvets> 


*y 
q 
4 
; 
. 
qoy 
' 
F 
5) 
q 
ll ete Intra oteely ts bie sah tn 5 abbas oe oo! “Penne he 1 Basen Des wt Cali wasnt bene placate reir ented tee Redes nL TTL ECOL, 


Ft_ 7, Covves (iC eating she :2feot of heteing dicvcioa in youu 6% 2300° 
see 


the cersity (2 ific eLecestic revistonee (2) ak weit losses (3) of to: 


olding (.ccortin, to Tyecs). 

If the rrocass ts covted out in tro vicges then the fist stiye of sintering fa 
cuswfed out ortinrily in = herizont.l tuyileor yeu Aunee wis climndic tube heated 
ty e@ spiral colyotenum wire cofl. Tre fierce is riceed ine hemeticcily sealed retcl- 


lis jecket to woich yecism pumms are connected. The sintering toa in setarcl mold in}. 


Br R 


at one time 8. o rermnent cresiite is the fummos of le L072 om of mercicy culicna ac. #- 


finn ten ex cure oF JOCO-1200" 5 


umesiroble -m suoerfluous in the protess of obtcints 


a M3 


~ 
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ie tis ch <3e@ in speeliic esecesic PCLRG ECE gD! ~raéness, canes eys veigh. 
inl eaclity (of cicfuce loyers) 02 stout: °° “le ings disine Slostoie hesting ob vizto 


See 


LS veperdices (cccording w Wolchin -ré overs). 


-ftexr che fioct sintering the rolling joes for nish cemecte we sinveinge 


‘ 
ta rte 


Doe we@ coljingg a: molaings ater ve Tistt sirvesing <2 clipea in she tongs 


f£ the vesu cintes Matice (svelfing ~_newctus 8je .fice the aprepccmw is deer 


a o% re 
swopkied wlth bhe mecessucy yoeurm ( .bout le 107 r- of neous; ebliran) elecarde 


Cinwens 2. out in col Ay cosvinwotlly opes..rg ‘Vocus sete she ‘iceonce de saiscet 


eae acd cosceuponlingly <is0 the ve.geweme Of che colkinge 


{5025 ,Ohi se tr siecaric Fests nce ™M~.75,Ch coe in Zersley ond ultincte 
of nioviwc molcizrgs won oi nterizg werercsk of nieliw: ~oldings won sine 


(Asroteta VWilld4exs) yasing (scvord.to Villiice) 
wl wnee% o deredigy 0----D-ultinate 
Swreng wt. 
In the cece the indirect hecting metho’ 45 a-zloyed che prevced moléings cre 
slheed in hight tergecotuwre sinveciny fonu.cess intucsion or zesist.rce ficnaces. 

27@ corms .wcucsion oF vocue welding “evices of direct heaving for bt atclim ani nto-~ 
vive dy similar to ihe con Suruction of amiimry devices for the sintering of tingsten 
am. rolybdenus moldings (fige377, 38). The basic difference Lies ‘n the fact that tke 

ntarior omer of the dome a.o:l2 be under hich rorefuction ( vceum wp to 1 - 3-10-5 


m.of merew sy cclien). In indwition ficnaces the molding is cleced in the intertor 


than acticin tk Mtoe rtiace sos tras tibiae Cai inattentive seh tine 6: paths 2 Ao Mele eC eet kg 


of & heated cplimnfer with chs tntiesion coll sicluniics sane. 


FS 
E 


j 


, "7 cil pirws with a delivery of 500 liters/see es & prevcure of 104 . 105 mm Of Mercury 


a 
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aan 


Ses Th high tesperate-e vacmm resisvince Mirneses,usde for the sintering of ataped 


sick ook having approxtmevely equiactal dimensions, verisclly paces tungoten 
reds saxrve As heating elemexts (fige7?). 

In confaculty with the aesertbed st.ges of the cinterins mocesa cm charges in 1 
the poperties of moldings ce set wo che oe Ses ant nlobiuw: sintering mote sete 
che sabe OP dischavelng ShacAoces Seatndew Ge teh a ietaer ee Bane Sa ep te the 
basic vive estcovlfisaizs ihe AiSuslon.o. the. 2th Sremeve ture wintering nvocessese 

‘Accomiing: vo Civeeringson fetal cor wre sintering oF two t.nuc.lim toltings weiche | 


Sc total of 3 lg i. wes ~ voctr: weléing c_revotus,ecuinres with an G-inch of1 


colirn én sormbinetion wish « aint: choctes mech ntecl momp with « celivery of 98 
> 


— 


ax ee 


mofrine The ritys offer she coccLitlty of ots_ining varefccéion in she ccrantus ef 


wo to 2 "ho of mevein~” Colime 


Mnre37, Consixvuction oF © vec: Mire2%, Vaoum copaetus fer sintering 
ernerctus fox tntclum veiling niotiim roléings Gh tea Tingtowm -Ltomic 
(nccomdeto TecSezinl*isev)s Seo mee en ingHleliagsrioz ary): 
leslocizs 2-steel domes Saclizess o7_e>-0t fusion rips 2= rosay pug 
gow pes stationsiy conK233 eae ; see eo fis Inbuices 5e plied 3 
J7eonze= rope s ->Aying cicstext oe Semcte ports Jo xucbes paciaincs 8= ‘son 

Woper conics; Sat cs a ase precings Smelectsove linsins rotors d= 
Jalovexr movie contuct; Secu ler eae crvrené conducting busborae lle - ower trance 


diffusion pisp with ex overus of 200 lisevs/see 25 2 ave suve of Le 10° mm oF reveu <e | 
| 
i 
| 


Seflexible ctle; i068 re Ueno 3 former; lize oncrol “rnsformer 
l2-cu-ver.t feeding vutaraz lj- seater tees 

anc outlet. ije flextole water hoses 

Uemezszle leading to sire 


The * MIOGX * Compe emmloys tantclim sintering devices, equizped also with 8 inch 


colizn in cantinction with <= retcry mech. nico] pum B53). 


IGE 
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c Vacuum elecoric fiomoce with simesten inecndescence 


sois for hich tererniwe sintering by caci-sfons 


1. eumcsten inesndec ‘cence reds; 2= molvbienn screens: 9= ler cool Ling pictes 
he eurvend celiverzs; 5< lover robile cons nb 3 Sea: ‘Iphons Teo zozzle +o Wucume 


Ue 


Mget%s Coens rucsion of 


eye Sree rear 


ea Balak ota Renan: 


Be a So 


ie 


Pise0, Sinvesing of elessmetviic. Snvalin mole trget 220780 Tyers) 


Mreil, Sirtesing of $-:b2lun moléings (.-conZeto Tivtecincton) Tots) weicht 


of sintered moldings 3205 g6e 


Fizelio BuO che winvecicg thm of electrolytic sone lim meléiz sco ffricaa L°.0—@ 
40 (282 | & typical Froce:s of sintering tuo t..ntclim sol@ings, each wit th Ate . 


mensions of 350 X 32 % 15 rm end weiching 1500 ¢. 


accoring 


PigeZ, Density of tantalun in sceibacaad BBa5 
— (eacorde to Tyera)e 


ses of procesaing 


<Allets which 


ae of such dinensiom are used foc ‘the munifie tite of sheets 
be used for the manufacture of wire onc rods hove squste crosa sections the 


it 


shoulc 


7M 


ee a eT te vn’ 
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Cimensions of vende moldings in this case wrml 356 X 20 X 20 rm and the weight ie 2400 | 
rales The energy becessary for were two such rol ings to mximmn sintering vexper= 
ature is 7 kranpe 

Aecorting to recommeniations we 278] the fivut c2.1] exooure during the sin- 
tering of reseed moldings ef niodiwm sioulé be =ce eb a tompecatinve of not less thon 


37508 decouse ct muh lover Semperciures the. niobium my cbserb a consi@eseble cnount 
eo? gesea ( esveetally when ro Ceep vaourmn is .sea), wae piedfie.tion from wiich reruives é 
en afditionzl inevense in sintering time co} maximum temperatures 

The second, lon; lasvinz exosite is necessary c% math Sinvexing teuperesue. 
ve waich snoult be sousttly close to the melsinc soint of the ~etcl. For moldings with 


& profile of 10 X 10 mm such expesiwe oon m.fe Zor ecole for a rested of 2-4 Lovre 


Veter ata cee mich lla abl Race 


at 2250°or even dester for = reriod 0 one (2) hows + 22508. 2 hous 2% 2200-2990". 


vhis czse we hive @ —o56 oe wersive civificution from oagen sriwosea and carbon 


ecmicewes ond purification fvon cestcin ovher inpirditiess; she c.ocecs oF collective 
secryslifzation is mues more inicncoive, the metal sefsenes cmd becomes -lastic.y 


To ivensi?y the prdcecs of sintering is reasible by « relucively rapid rise in 


1 ea BA Dil, BMS laters her Wit Wine Rese 85: ir eee 
m 


temperaswee from 1750° to mosimun sintes! Ti semperctwze.e 
Sintering of niebiw: in coAiifons,rccormented by febl, 27a], wnde> Loverctezy 

4tions it requires b.5 to 5 hours, in Sustver: conditions © hours end it lercs to 
the derivation of plicble (plastic) mets] contcining SO% Mbw0.5SS Ta, 0.09% MH, 
0605S Shy 9.05% Fr. 220255, CCI Fy 107 % Pop LOS Cy ~W 0.0K Op ant ~ 
0.03% Moe 

Acourding to VilMicns er the sintering of niobluz moldings weiching 2 ke ( 357 x 
6505 X 25 rm) is ccavied cut in a welding apperatus (see fic¢.38) the dome and water~ 
cooled walls of vbich heve about 620 rm in Gfcomter ani ave 915 mm in height . The 
vacuum system consis s of two U,-dneh rouzor-of1 pumpa with a de Uvezy rate ef 6500 
litere/sec. at a precsize of 110% om of marcy column and rotational pimps. The 


ulvirete veeuum zecched in t>e syotem is of the magnitude 1. 1075:m of mescwy colmn,. 


wd ae eg a ge eG neo: F 


Fite hepmitacistgchesicieasagsiaiioanatecasiuarmecccecce. 


J wien ene 
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TO rr emerge ee aa Be . Ralaat, Se 


For ol; SeProcecs of sintering niebium roldings 
( ty Toletin ani o others )e 


The elecieie nover sucthy {5 controlled ty 2 sensfomes ( 1000 ang 8+ OP 
Ag 
o: COCO amp ct 15 ve 
The pressed sfotiwn moleing is clcTped in tongs of the walding apperutus end 
n2te2 she syoten sich 2ttcins winjrmm mve.sume she ciowert 1s ovt fms The seme 
tevcvomve 42 sudse? sunhily vw 225 = 4C0§ shows exposwre ‘4s rite, within which tive the 


nycwogen “Ls elictnivede whe vextescvwe 45 Uhea coisel Guculy w to 250C* 5 the 


Osmo 


wottl hewting vime is cboub £0 minvtes. Maxims: chvininge ticles rlcee 23 1400 = 2000? » 
oma i$ 4s eompens_ted oy copes munenvering viz elecwwotee whe time of soning (exrosus 
ae S200°vazdes foom 2 to 10 bee “crenfing won the weichs of the sizteres mes | 
“he moléirg ic then cooled to Z0C® pufor to cutting off the vooum 

Dising indWetion cinseving of riovium moléings 275) tre neefesence of which 


§s the econo 02 metal, tecuice in this cise ibe tips of she roléings are heated 


gu5% 08 veil as their center, she operciion of heating 4s c.rried outs in a reservoir 
with o caprediy (volume) of 2CC liters. The fawn Ce 4o sumed ovb with the cid of pwns 
offesing the ros.iulity of obtcinirg a rresswe of Lele rm of mescury colimm. ‘ 


he sigh Feeavency rox ¢ of the furnace has © Dower cernercvor with maximum ccpacity at 
the outpus of 50 icv nt a treguency of 10 cps. The system iz operated a% ae) ops aml yol 
s0g@ not higher thin 250 ¥ to crevent the origincsion of dischazges. Teperesure con- , 
trol is norm.lly realized by the consumed over, at times meusiring the tempereiure 
ot the sacple “y an optical pyrometere ene 
weeny Be 28 
The process of sintering riooium moldings weighing 750 g in am induction firrnace ; 


$3 set wp in such a monner tht a 1700*terPerciwre is atim ined within 40 minutes 


| a ee 


Ue enemas s : - ~ ares 
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- < molding is then exposed acc aa) sis eo oted Seeen 1900 ae 1900 until the 


for toutaiw: ‘cosreozonis to 4 density of Uj-15 cferd; foo aiootum 7025 = 8.00 -/as, 


“taste moss of exrbon pont silicon is wxpcitzeR reroved. ‘The hestis; power is 
then inccecsed grodwelly for a period of S hours until = temperature of 2300" is 
“peaches During che 5 Yours of soeiding ct thi: tenpernture the omen, whica bas not 
seperoted an the fom of CO, 13 seprrcted in for: of volitile lover niobiis ocides, —_ 


amg the moldings becomes free of admixtures. Dering the sintecing opercidon che pres- 
sure chorges from & e ‘eG rm of mevciy colimmadicing the re.ovel of GO, to 201079 
we of mercury colu:n et the end of the operation. 


Sogesher wit: controlling the vacuim <ciccnh tie sintering process it is ine 


sorsant to contsol the terperative whereby 16 ic necessary to tole inte cons icerasion 


the cionges in the eissivity of the molding (ficelt). 


: 


The vurizinge of tanvelin ent niobium moliings during the sictexing constie 
tusves ordinarily ae 

Tesses in weight ciwving che sintesing of woléings ccrené upon the cdmi:vure 
content fn the {rfiticl rowler ini they scout to 5-&% for codiim therm] tant-lin 
powier <m lecs when an elecivolviic powler of srcater pucity is wed. 


after the sintering the moldings have 2 remanent caved t7 of 7-154, wilch 


Sinsered tantulin cond mobium moldings ave col4-hinmcred (peered) to retvee their 
mofile by 15-284, ir consequence of wiich the pores become secie€ (closed) w. 


Then is cuccied out the second sintering ( semcesing) in a vacwm welding o,rcratus, 


¢ . 
WE deat hes ole lha Toth et awn baton oe A tos We etie dd a wied bb bee de mess 


for @ szort period this time (~ 1 he] ig hecting the molding ct a tecpeveiure some- 
what lower thon the sintering texperziire. 13 ge of the texpering we hive reemvui: J 
lijaation with corres,oniiag grewth in crein size ami reduction in parosity. Sore. 
times & secon’ stage of harmering 1 co.ried out with a 25% reduction followed ty a 


sescee teapering in yocute 


Meo einer ee in coerficiet of exfasivity of the wwrince of the niodiim — 
mole Tne “Sus ing Sintering (by “E11i ms) 19 a 
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‘ The rest of hiomering en® texpering yields & dilieé witt compest polynetres - 


structive. The hardness of such cempere’ billet conctiti.tes by Sorine ll 45 = 325 Yofrm@. at 


: Srcleging ozifirary coliepressize treating methods the billet is further con—- 
verted into deets and wire’, 2 E 
; Derivasion of corset tntclum ant nfovim ly ere cnt inivotion srelting : 


The fivst compact wntalum vas oft ined by Dolton BS1)-sing the are melting met- 
ode ab the Steers Siiste lint chic method yas wee to a-proximssely che 1950 foc the 
obtuimners of tunt.tum [202] with suPsezuent weploceten’s of chic method with sintes ing 
she pre-sel Wiquevves in imlinect heatvizzs Mieneces. 7! 

Micel5 shows @ schemiic recceceniision of 6 vom fopisceus wed for arc crelt- 


ince For erates Shey used precse2 oni guioermomt presihtered toni lim -oléings 


+. 


ib Gre” Bi ots dong tt: . on expebditle elec rode)e The smelbing wes cated ous with 2 DCaczre 


wish che oe a elecizote ostsive pole) atuched freely. Tue, tntclim melted in 
form of 2 sri2l 4:20% on 2 coolec corner plete. 
oe Gee Zevivostor of ail t.n% iim insets by the ave cuelting mesnod from e mcge 


S mesiwm the:t1 oer 2uc Deen ccrocbes ty Isaz ax over fod]. The: ottcained incsots 
with a bordencs arcomtine to SS of atous 70 ~fom®, Cesied tcntclim wes eesily volled 
into thin sieetse -.ccomiin> + ane tong lor wes obtcine’ ly the ore auelting method 
in woew 2% the followin: conditions: the area of the tnausvecse seotion of the expemni- 
able Acatalim electzofe uss 191, =m, Aicceter of opesation crucible 51 rm axperces of 

.  . AC-erevent 2006 eup, acs woltoze 73 ¥, exeniscle over 1.65 kv-trelbg, opexstional 
7..CUSR 2.5°107< mm a? rercury colzRe When the eco cwlting method io wed in lirgar 
sccles the follow'nas diffflervlifes may ericin.te: a) dicing cueltin: with nomeonsize ble 


eleciroce the metcls my become oontanimted uy the elecicode matextalg b) the mecal 


l. . siwiy of tantalim sinterin: process am a det iled description of the proeess of pre-~ 
puting compact intalum cccording to cata by Coech rese.rchers ace also listed in the 


re-orts wy Tacek{ 260, 456) ; _ . : é 


identi Me < my 
~ 


tis cage Le asians. ee page 62 
a Tear | | : ms 
2 ae becense snfiitre ted by gaseous Sean nent =tires, a g28 watch must used to proe= 


| “tome 2 wtable axes furthernores in the presence of this gee admixtures of the melted 
| out metal are being zenoves wich lesser effectiveness; c) when sueltin;g wish on expeil-~ 
"able electrode the pusittection of the metal is alco not as effective teccuse of the 
. fast that the eraperizing acmixtures”{ porticvlcly oxides of various metals) conterse 
oe the cold volls of the fucrace 226 foe % = again ncse:bded wy the metals a) when scel | 
ting oedinary intwiricl tensalum cx niodim ~oviers,cont..ining w@ specific ccountan? 
oxygen, carbon ari ovher Somiwed, $4 4s arvetienlly toned! cle to provide ae eee ee 
rete necessary fox the elicin.tion of scone. no Lo fo extziDle, when vemovirg oxygen 
in fou of CC A@tring the suelvincg of mioneles combining 00% C, at a crelting xnte oc 


2 kofrin the rite of purring out pele be of the ovcer of 10! 14% tera/sece at a sift] 


ficlently hich vacume 


Peed denn sn! eatin a8 ww dillke “a a cdlowrs ntdelne Ot a 


Pizek5 pschemtic servecentcvion of che aiperctus for cer cuclting oc Te 
(ccearding +9 2olten) 


le filterecc cL <6 Seccture; 2- cooled corres plates 3- retellic rendu of relt; 
ke vecter tlu@p J= ches caps S- Tn-packinge 


Mhe ave suelsing ncthec in the jjven cu.se con be itli.cle either Giri: = the 
 Souning of textuiu tn afobiim ingots fron héchly pure rowders, o> fab the cht-immmt 
of luvgec metal irgots “x: resmelting moldings witch ae alreciy simered ar free of 

‘metal inpuities[277]. 

Incing intuction awiting of tunt.lum end nietiue sie problem inv.lves tha sb 
selection of @ auitasle crucible magertal. In this resyeot sttertion sould be devo%ed 
to the method of induction salting of metals in yacw or in an inert gas atmosphere 
in suspenie2 otate[2ey |. 
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Ié 45. neccssar: +o rection here aise *5e ere mthed by vochartnest with 


electrons; with this method on lcboratery seale was derived niobium of ultraehigh purty 


el. 
Resrocessing of metsllfe t-ntcium esd niobium wastes. 

Mantclin ang afobiin have chis adventace thot chet. westes,ineluting the tips of 
‘e toldings arter sintering, wastes from sollirg sheet =cteriel or from wire Grave 

"ing ( evs ofc, Gefective sheets etc), vactes obtimibdle disin: the mn ufcture of 
coeds on, finrlUy, retin of o-vts of siiprents fson the wer,ccte: -he cocresondin 
comronent soes out of carrfssion( thi. coow inelufes snocclim: crc alebiin carpensrts 
os faulty rocto tutes, aa sciuting tubes, com one:ts of ehcuiesl secices ete) ean 
se Polly recLuimed oni ceswned back: 40 inlustiy. 


The mast sufsrcle method of remoce. sing oven wrbolin crc niouiim sustes is 


Sic method of brfiroces.tins sche es 5,285] ty hecting ( to 8CO=8CO"} in ricited cnt 


Cesice.ted hrizogen « The otk dncd nvtoides cme pulverized inte coder in a stel ai 
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annfley soimer. To Pluss off tie fron teow ltles waich pentesute diving te pulvere | te 

{ ay 
aBivion of she hyloides, the ,owle> 4s acretines subjected to 1.necis sepscotion - 
end wettmens with ddluted “ro>ecllosic cela ow simcly <o cae wish hyfrechler- rH 
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Chapter IV . . 
Hechenion) Vorking ent Heat Treatment of Teatalan eed: %jchime 
Hemifacture of Progeste, Veléing 
Le Meehan oa) Vorking 


The mechanical vorking of tantalum end nicbiue, in order to obe 
tais rede, wire, thin sheets and sheped articles, is a colé working. 
Tantalum cad nichium ere notable for high plasticity amd are eoldharé- 
ened very sloviy in the uroesse (fig.h6). 


Exessure Trea tusst 


Gutaining shoote, Yorged and annealed plates of tentelum and me 
obium are the initial blanks for obtainingsheets of various thickness- 
ea. Rolling is eecomplished by customary methods. In rolling, high de- 
green of Gaformtion are possible without intermediate enneeling, So, 
foe example, a sheet with 0.05 mz and leas thickness cen be obteined 
from on 8 to 5 mm thick blenk vithout intermediate anneeling. 

Pine-greined metal must be used in the strip in order to obteis 
better results in the rolling of plates. If the metal is annealed bee 
fore the rolling procesa, then it is necessary thet annealing be acece- 
plished at not too high a temperature as long as, in this cease, increas- 
of metal volatility is observed from boundaries of the grains, end this 
in ture leeds to the fect that « strip with dented edges (287)! is ob 
teined as a result of rolling. 


ee 


py This was sbowm te be tris for the working of amall sise moldings, 
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The texture of tantalum rolling is the sem es that for metals 
with body-cemtered cube space lattice (268). This texture eam be de- 
eigasted by orientations fod oud. MACH om fr} 4). 
The last two are double textures which ere arranged so that they form 
@ sYmatry correspondingly in the cross direction of the rolling. In- 
tensity peaks, releted to the oriontetions {114 <1) . are net 
all centered exactly on this orientation. Canponsnts, heaving the high- 
est intensity, digress approximately 12° fron {112} end correspond 
roughly to orientetion {223} du> . 


Tensile strength Limit, kg/an* 
Relative elongation (122%mn), % 
Mevdness according to the prremid patters (a) 


Dagrse of eogging, % 


Fig. 45. Curves shoving the effect of doforustica on the hardares, 


tensile strength linit and tastalum's relative elongaticn (sescrd- 
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Otaining rods ani wire, Forging square section blanks oa a ro- 
tary forging machine is done to obtain rods. Aescording to Myers (287), 
A 10 best to forge a sintered molding of « square section of tantalum 
into e round rod for one pesssge (Myers studied the treatment of molé- 
ings heaving the dimensions 6.3 x (6.3 - 9.5) x (76 = 176) sn). This 
allows avoiding the rolling of materiel by reason of the cirenler 
fiew of ribe proceeding in the case of utilising lesser primry ecm 
preseion ratios. In greater compressions, the generel decrease of the 
erose-eection area of the specimen made up 50% @or three passages ani 
the metal density imreased to that of the theoretical value. 

after such treatment, annealing was needed which was carried on 


=3 ~4 


imp a vacuum 10 ~ to 10 © mm Mercury oolum in vacuum welding equi peasant 
at hesting to 2600° an hour. 

The molding edges, osdinerily not thick, ere mot trimsed in the 
firat forging. They are removed after annesling (and are afterwards 
treate¢ as waste material). ‘he rod obtained is cold worked to a die- 


meter of 2 to 3 mm, ami is given over to wire drawing. In the forging 


process, it is reccemended that forged threading dice with possibly long- 


er operating perts be used and which provides better quality im the treat- 


ed surface of the forged metal. In forging tentelum, it is possible 
to use dies with long wrking parts which are five times es large, 
and in thet way ocbtein smpoth, level samples of metal wathout the 


use of special finishing diese, 


In oder to carry cut the wire dreving of tentelum and alodium vire, 


wire-dreving dies of tungsten eardide are used (for ths wire drewing of 


225k to 0.35 me diemeters) with a groove at an angle of 16° ani 
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diamond dies for the drawing of wire thanner then 0.38 wm (267). As 
@ lubricant, it is recommended that a emitting lubricint containing & 
soft scep and 5% lari oi] bs used. The sod cr wire is passed through 
the lubricant, after which it ia quiekly dried in the air at the ex- 
penee of its own heat. Such e asthod of lubrieatios quarestess tho 
completes coating of the material. However, the lubricant acea not tale 
hold om en unprepared surface. An oxides lever on the wire surface is 
needed in order to mekw the lubricant adSere. This is done either by 
heating the wire in air to 580° or by electrical anode oxidation is 
a 1% solution of HAS0, ant ¥aS0, « The vire, covered with om oxide 
fila at a volyiage cf 110 to 115 volta (paxisum voitegr), een be broock- 
ed by using ea cutting lubricant cf sap and leasd of! as inbrication 
through severel ir scasevity dies without renewing the film. Tis ree 
Dewel process is very simple end doesnot require a great iosas of ensr 
@. A good oxide film ie obte‘ned in only 1 to 2 sec., is relation to 
the area of the tantalum surface which undergoes enodic treetmest aad 
$o the characteriatics of the pewer source. Ir anodie oxidation, the 
wirs can be passed through a groove, provided on the edges with rudder 
diaxs havisg grooves ani filled with LE solution of sodium sulfate, 
whereby the wire ie the ancde and the groove — tie cathode. In order 
that the continutty of th wire-drawiag process is not disturded, it 
ig posgiblette set up io front of the wire-drawing die a vet for asodie 
exidstion emi a vat containing the lubricant, having annected the wire 
to the current souree ia frost of the vat. 

Ths Santelus and sicbius wires in an ansseled stele arvyrery soft 


r 
and plartis. Phe wires ons sasily be bent st as agile of 180 j 
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and it ip yoegible to vied « core of & diameter ecuel to that of the 


wire's diemater. In operations utilizing wires, ordinary productions) 


: 
' 

preessser aSe uned where the instruments are cade from alunipm brome a 
(299). | 
: Obteining pipes. Ase mule, pipes of various dieusturs from ten= : 
telun and niobium ere obtained by the method of deep drawing (froa a ' 
hood bienk) and the eonsequeut wire drawing. 3 
: Ths operation begins with a blank of disks from annesled matal 4 
i of suitable thickness, vhereby the zesults of the operation are better FS 
&@ the application of « thick, rather than thin blank (209). | 
Dimimution of the cross-section arcs of the Arawing eperaticn, for _ 

t 


example, for niobium makes up 47-5 to 51%,0a the besiz of the formule 


Porank ~ stamp \ . 008 
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where Sorenk ar) Datemp are the dianeters ofthe blenk and a stexs res- > 
pectively (27). 
i £326 
: Tentalwa and niobium in drawing precess are not coid workaé as 
quickly as the majority of metals, and the dzewing beging on the upper : 
i portions of the detail part earlier then in ite Lewer portions. Fer : 
’ : 
ame oparution, the dracing is pewsible for ao wore than that ef the i 
3 
: diameter. ff the carryicg out of seversl operations is nested, then : 
; ors*utiiy in the first cseration thy depth of drawing dw ghvex snd 
I ; 
; goaatitutcs kG to 50% of the deteil part dimmetes. Phe thicker the 
: materiel, the move pogelble ia a great depts of dvawing, Practisallz, ; 
=e 
s in the drawing of testalum and sicbium, the wali thickness aan d¢ decreased: 
& a : 
3 73 £ ease “ 
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SS or more. 
In carrying out this operstion, instruments mde of elusi-aum 


bronse are ordimari’; ueed, although 4t is also possibice to use ston) 
inatrumsnts. As & lubricents lerd, paraffin iubricent or other giai- 
ler lubrication composition san be weed (269). 
4s « result of wire dreving, the cross-section erea can be Teo 

duced to 35%, with an overall decrease of pipe sise 60 to SOX, before 
roasting is required (277). In the ronstingprocess, the sises of the 
setel grains exe satefully controlled in avoiding the development or 
scores and burra. A paraffin lubricant or lard (289) ave asleo lnbric 
eating canposition in wire drawing. Wires can be of alumimm bronse 


which ie hard-silioy or checuiwe-cleted: slumimm bronge fe the most 


effective material (277). 


obteining products from tantalum or niobium vy extrusion, slucina 


bronze is also usually ueed as material of instruments, In this ine 


etence also, the above-mentionsd lubricents are effective (299). 


we are ob¢eined ip the same way, as for example from low-carbon gore 
ateei, with the exoention of the fack that preceutionery measures a | 
gpainst the sticking of metals on the stamp part are saforced. Fhe 
diee are mauufactured of comon steel or better from aluminum bronse 
or berylliws ccepper. A mixture of Light cil and kerceens are uetd ia 


precsworking ss @ lubricast(2$9)}. 
The clearance (gap) between the punch end the natrix used equals 


&f of the stamped product metel thicknese, 
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Pressworking of a product from tentalua and alobdi- 
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fhe operation of drilling holee in tantalum end niobium is done without 
aay epecial difficulties, but to prevent the formation of cracks, weer and 
setaration of peices, we ugually ewply dice having smooth suffaces (289). 

GUSTING PROCESS 

The cutting of tantalum and niebiun with high-speed steel cutting tools 
ie accouplished extirely with eatisfaction;: this requires thet the eutting 
tool 10 suffictsutly sherpened, In alwoet al) cases of cutting oparetions, 2/22 
4% is tentative during ths cutting of soft covpsr, and aonlicable even te 
tantalum and niobium, Lateral and rear angles of cutting should amount te 15°, 
na peripheral epowd of cutting may reach 90 meters per nimte, and should 
receh 30 meters per nicute, Toe cutting tool made of carbias inpaten does 
2% provide @ good quality of meckanical cutting of tantalum and niobiun 
vbie® welds itself to the edge of such cutting toole. 

Phe cooling liquid, which eliminates wear and rupture of the -etal picces, 
avpsars to be carbon-tetra-chsloride, 

During the cutzing vf tantalum and niebiup cutters are used, the blades 
of which are s spaced in a stagzered orcer with a large fereward angle and 
consideravle gap, S vandard drills with large angles of cutting (118°) are 
ast in mich a way so that they do not rub againet the wal] of bore d&xtthk 
holes, 

The threea on large diameter details are ueually cut by cutting tools 
with & narrow custing edg?, but not by dies; on mall diameter detaia. the 
threads are cat by die ‘ipa: Anurle are often used and not threaded, 

Yee io often nade of keurling and by notching; in this cause they often 
use & paraffenie lubricant, The taps and threading heads in the process of 
tantalum ani alobiun treatment are cleaned periodically of any metal shavings, 
Pinal threading le carried out at low tranaverse feed, sufficient powaver for 
the purpose thes tha cut ing bit ef ths tool ie samzk sunk into the setal ef 
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the treated part, Ths pasenges of the cutting tool during plate treetaent 

are dune within one operation. ‘he maxisum rete of tranaveree feed ia 0.127mm 
ver revolution during the machining on a lathe and &E 9.127em per tooth during 
milling (289). | 


2, CLSsNinG TANTALUM AND NIGBIUN SURFACES 
For cleaning tha surfaces of tantalue and niobium surfaces, regular 
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methods are used, as used for cloaning steel vreducts, with the exception of 
cleaning by hot alkaline solutions and annealing by hydrogen flame (289). 


Chemical Cleaning is verformed by hot chromic ecid solution, similar te 


eee er 


that adavtable for cleaning glass: dual-chromic acid of potassium is al. 
useful, nowever, traces of salt can resuin on the metal. After cleaning is 


a vat the vrodi -ts are rinsed in distilled water end dried in a warm air current 
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free from dust. ‘The cleaning of the vroducts is done by hand in order not to 
allow any contact between the materia. and vaper (24, 289). 

Hiss Polishing tantalum and niobium is verforred with large difficulty : 
and sometines generally impracticably, if the ~etal 1s founé to be in a tempered ‘ 


state. Raw mete] can be volishad by means of carborundum polishing wheele. The /128 
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pressure (load) of a polishing wheel on pdlishing products is accomplished by ' 
an acceleration method, but less than polishing copper products. In the process 


of volishing tantalum and nicbiwa it ie often deuanded to guide the polishing 


sepa ia aart atypia 


wheel and to cucl it with vegetable of] (289). 

Grinding tantalum and nicbiuz for roughteurfaces (in the electric vaceun 
{uduetry) te conducted in several seconde by the use of steel filings, directing 
them under small wheele to the surface of ce ~etel from o nog,le under Bt: 16 
ibs gue pressure. The shot isa used with a pointed edge; using a blunt abet 
pretuces only formations of bollows o@ & cleaned wurface. fand, sarborandiee or 
alunécm chould act be vaed owing te the impurities of ta:calum ani sicbivue and 
the 4ifficulty of tha following cleaning. After processing zetale with ateed 
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filings, the ourface of the tantalum and niobium ia washed-off ordinarily 


. ° with hot hydrocholric acié with subsequent flushing with running water (24, 289) 


Pobishing tantalum and aiobies products is possible, bat not to secure @ 
mirror-like glass. Polishing begins with enery cloth 0000 moistened with carbon 
tetrachloride, and emis with paste of aqueous solution of e)utriated aluminum oxide 
applied on a cleth, Por creatédg © mirror-like surface on tantalum or alobius 
it can be dome by electric piu polishing, 

Wenech, Bruckhart, and Conolly (290) suggest the following electrolyte 
composition for electro-polishing tantalum: 90 volumetric parts of concentra- 
tel 2950, and 10 parts of concentrated (48%) HF. ‘The process is carried out at 
@ tezverature of 35 to 40° with the use of graphite or platinus anode. ‘The 
current density is 0.10 anvares/ cu? (during the etching the current density 
should be 0.02 sap/cn?), 

Gall and “iller tetemt (291) introduce a somewhat different composition of 
the electrolyte end a vrocess of introducing of elcctro polishing of tantalum: 


the electrolyte is aqueous solution with « content of 2-7% BF and 32-36% HoS0, 


or 2-7% HF and 75-986 B280 4, ‘the current donsity during alectro polishing over 
tantalue anode is 40-1460 m/en*, | 


During the wmachenical procsssing of tantalus and niobiv= (fergieg, roliing, 
broeching) dezands sertodical texpering of setal, 

The tempering is neceesary to be done in s high vaccum of not lesa thea 
10-4 iae mercury colums. According te Mtterington (292), the teapering ef 
tantalus etripe is dons in ex waccur 10-Sus eercury celuan at 140° fer 15 ninktee, 
vherwupen if the mt increasing hardness of the metal appen re te he the result of /123 
tha uresence of admixtures ef exygen or nitrogen, then the tempering temperature 
ia increaesd te 2006 - 22K, 
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Cole reports thet during the tempering of tertelvs it is necessary te 
heat it to at least 2000° (2), abe Temperatrre of tempering Nicbium builds 
up to 1300~1400° (143). ‘The tampering ie con¢éacted by inductive heating in 
quarts-like tubes, lined inside with tantalua sheets. Before tempering produate 
(atrive), they are ringed in chromium wix'ures by beating to 110° and thes ia 
distilled water, 


Hardness of an imprint pyramid (B) 


Temperature in 9%, 


Figure 47, Curve, indicating the increase of the rardnese of tantelus 
in the resultant tempering (according to Mayers) 


According to Mayers (293), during the heating of tantalum osaplee is a vaccua 
of 10mm mecumy column an the pempernture limits ie the 1100 to 2200°: in asch 
cases. if the samples are not inserted in @ closed ‘antalue cylinder, the haréases 
of the samples will sot decrease, and even to ths contrary, will d@e increase (ses 
figure &7), This 1s related to the ebsorpticn of metal of gasecus méaixtares, 
eacsciaily oxygen whereapon Detter gas absorction takes plece in the tenreratuse 
Limite ef 1700 to 1800° ighe absorption of guses can 39 renowed from aetal by 
hesting ts @ temperature higher than Z2200°). fhe abserption of guaer by tentalon 
is accompanied by increaseé paranster of the lattice. by increased hardsess and 


fO2 NOL- 6446/1 


a oer an aN ant te wee 
etait Blt MicAarnctectaal Pit, 2 ts Potala tse. AB en! abit ae re AO mye aw 


oil 


electrical resistazce. During the tempering of the samples lccated in a closed 
tantalum cylinder, sinilar sffects are not observed, 

According to Cole (2h), the following effect occure during the tempering 

of tantalum: occluded gases 12 removed during texcrvratures lower than 1100°, /1739 
To 1600° specific seperscios of gus toes not cceur, At tenveratures of 1600 

to 1800° the tendency of the metal to gao absorption doves not occur, During 
neating te higher tenverarares (higher than 2000°) complete seperatiaa of 

the gmees and mam deccarposition of oxides ie observed, 

During the tempering of tantalum and niobium it is necessary te take 
the degree of defornation ints cousideration, The greater the dsforastion ef 
the netal, the eeklied it will tegin to relieve the pressure, the remlt ef 
which apoears to be a reduction in hardness, An so at a 20% comcraesion of 
tantalus, the hardness begins decreasing between SOU and 650°; and et an 80% 
tuxukemcthe the hariness begins to decreave at 400 to 450° (see fig, 4S). The 
pegining of the vaccum etching ie noticed at s temversture of about 1750* , et 
a pavetanties value ie aquired at eespoduatels 2400, 

Accowding the Meyers data, recryatallisation of te-talus during tempering 
eccurs during the tempersture range of 12C0 to 160? in Telationehio se che 
degrea of deformation (fig. 4). According to Wanecsh, Broeknert cad Deibier 
(294), complete recryetaliisation of tantalum, rolled in the cold with bos 
reduction (see fig, 50) sets im at 1520, 1570, 1620, ari 1670° as yao, 32, Le 
and 3,5 misgtes, 

The texture of raktet deformationa of ahest tantalua roilad is calé soriag 
teupering varies by ths following sethod (288); for saterial«. tsmowned at 1196, 
L200, 1300, 1400, and 2500°, a gradual reveraal is obearved cf the grain af 


ecld rolling to the texturss of recryfttailisaticos, Cospletebrecrystai ly: tise. 


is obse. ed dus.og tampering af 14005, fhe texture hae only orfentetics:. Le 
£63 HCL~ 646) 1 


owe 


OO as Reel ont a: 


St dha ee ny a em ee ee 


inetd dap pe Oa 


Gilbvcotaaen an rss cis SARE AO aeRO TEA ECHR Sento Matsengiers wees neete sme ee 


nee Wate eae 


emmpeme + 


ee ot aRmen Rete on Te lig ae a cumin pl aA ah day eal a BE i ire ea ae. I a tia 5 
ated ee ae ee ei aa a ee we 
wa, = : ee e "Gt oo 


TON pee a ee 


et we ee 


arias 


np AT 


ayb tye me La ynmee We ised ste oe 
POSE RPC Neti, pene. i mY: Remeber 


, 


: 12. 
fi} Gaz The texture of the saterial, tempered at 2500°, is similar te 


the texture of the material temporod at 1400°, except more distinctly expressed, 


PS.) 


Hardness of en Inpriat 
Prremié (ay) 


Tenverature in °6, 


Figure 48, The hardness of safereedleateten after tempering 
in a voccum for 3% einutes during vei¥ious tenveratures (according 
to Meye.3); figures and curves denote the degree of reduction, 4% 


Grain Elongation O23 


Grain Equilibrio 


Indefinite Zone 


S2roue the Leagitadinal 


Section, 


a>cyvege 4mpoan’ ef Grain 


Tenperetere ia °9, 


Figure 56. Diagrammatic representation of microstructures of 
aeforsea tanialum after teapering ia a reccem, 
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Foo Turation uf Gowplete 
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Tas Laverne Falue ef abecslute fosperntare 


Figure $$. Gurve relatiosskip of ths durecien of teaperiag te ike 
texperature during recrystailigsiiom of tastelus, relled ia the sold 
with 4&8 aductices, 
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The sequence ef variations SRUREEE curing tempering ir as 
fallews: During the tise fo collective ruciystallisation the grain ie more 
ebruptly expressed 112} <T1g> ; during the time of recrystallisation the 
erientation becomes increased {il} <{i2>which prevails efter crystallisation and 
finally increases after the growth of the grain. Secrystallisation of tantalua 
hae a preeninant selective recnmaism of development. Orientation {113} Qid already 
present in cold-rolled material avcoarentiy increases during the em decomposition 


of othere, vhich gives proof about the intentional formation of nuclei. 


leg MELDING 

Niobddus welds well with niobium ano otner retals; tantalum can be qualitively 
welded only with tantalus, niobium, ane such metals as nolyvdéemm, tungsten, 
eré nicxle. Fer binding tantalum and niobium electro-wslding or arn-welding is 
used, Acetylene welding and atenio-hydsogen welding is not suitable for such 
natale, 

Welding by resiatance is conducted by usual method, vith the exceptica that 
welding with rallexr-tyve alectrodes ie onducted uncer water for overting 
oxidation. Tre pek voint of velding is ductile and has the rery samme strength 
ag the bagic retell. oingle poist welding ie carried cut in tos open air, cut 
triple and ten-fold point velding is dens under water. (289). 

The most favorable fepenetradility of the currect during welding ky reaie- 
tances apusare te be 1 safep/m? of ths gurface of fhe electrada at the peist ef 
contact vita tantalum or nicbivra, Using ceoper slectrodss however, ere enly 
wesreaStgs soort-lifed: it ig more useful ts use tingsiss slectrecse. 

Welding by resietance is mat conducted Be in thy ureasct ceases Surisg 
large compression ( 299}. 

Yor tantelue and aichius carbem-arg welding vita the ald of s graphite 


red ia possible. ch ig canducted umler carbon tedrectiarids 
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performed by 20 ampere 40 wolt dirvct current (for welding mach thiner objecte 


the listed indices are decreased correspondingly). Welding reds for are 


welding with carbon electrodes are not being used (289). 


Aro-welding of tantalum end nicbium with the use of tungsten electrodes /3733 


' 


~1h. 

For welding obiects 0. 3Gma thick, 3.9mm electrodes are used; welding is P 
Y 
i 
| 

1s conducted in aixosphere of wire helium or argon (142-144, 295). ‘The gas 


current must de suffieient for oreventing oxidation of the details upan which 
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svecific guses of standard quality additionally prifies from the admixtures : 
for imoroving the quality of the wélded seas. The gas vrotecting medium is 
maintained on both sides of a welded seam till the tantalum is cooled (to 2 
tenneratures of 206°) (277, 289). ‘The consumption of ger is in a majority of 


cases aucroximately 5 liters ver simute. argon-are wOlding of tantaluz and 


ee eee 


niobium vroducts is often dore in snectél vorotective changers $295) (Fig. 52). 


: Xo flux, fillers, or even welding rods are used. 
t, 
iy ; 
it 
A 
= 
it : 
: 
vine flange 
oan 


Figure S81, Disgramtatic representation of carbomare welding of 
tantalum and niobium Ey using gravhite reds. Grechite rods are se 
carely featened at the tine when rubber comcression mtkee it poasth 
ble to retate the object, whil@ uncergoing the welding: l-containery; 
2erubdser seal: %carbon tetrachicoride: S.exhaust ventilating pipes 


eT et 
anemones tt : * 
Si 


S-gracpite rod; &tantslus pice: ?-exteneible cart of the container 4: 

sail. ¢ 

a Privy ic weldiug the surfscua of tha welded jofnie are washed eff with a 
acetons: any other saterial {a tracoed hy ibe reated tantalum ami aliebing. ef 


Brisciply, soth alternating and direct current is ased for welding; howsrer, 
direct current is preferesie duriag direvt polarity: wejdad detail - anode, 
@lectrods « catioda. ering isis, greater heat exchange 1a cencentrated og 
{bs welded sete}, walch is imbortant oecause the differences sf melting pointe 


of the tunagetes electrodes, which may contaminate the welded sesa, and thas of 
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tantalum and niobium is relatively low, During welding by direct current 


the initial ignition 1s carried ont with high frequency current. 


In tablo 27-28 is brought general apnlicabel significance of the current /)3+ 
and voltage during the argon-are welding of tantalum and Liodium details with 


a tungetin siectrede (295). 


belium intake 


Figure 52. “iagrematic recreeertation of welding tantulua and niobius 


detaile by arc-welding in a celiut atrospiere «ith the uee of a tungsten 


oléstrode:; l-tantalum pives Zeteel chucky 3rotary chick; &-tantalua 


flange: S~tangaten electrode: & steel cover; 7—slectrcde holder, 


Tabdie 27 


DATB OC AROON-ARC SELDILG OF TASTALUM SHEETS 


(DC current of direct polarity, welding with a nos-fusible electrods 


without a welding rod) 


Ghickness Dieneter Diameter Consuastion of Acve rage Bate of 
of of Dung = of the Afgen in cudic guriag welding 
sheet sten slec opening cmetera ver br welding in in as/ats 

in mm trode in for feed Ri. PETER 
mR ing the Burner Blasting 
argon 
stream in 
ama 
re MOLES FT 
Pa + o 
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Machine Weld! 
Machine Weld. 
Maching Wels 

Manuel Weld : 

Machine ¥Yeld' 
Mec ine Weld. 
Macnine Wald: 
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Daa ON AROOH-ARC WELDING OF SHES? ZICBIUM 


(DC current of u.rect polarity, machine welding with a non-fusible 
electrode without a welding rod) 


Toickness Diame:-- of Diameter of Consuzption of amperage Bate cf 
of sheet Tungsten ths ovening argon in cubic during welding 


in ms electrode for feeding meters per br welding in un/ain 
in mm argon stream in agpe 
in me Buroer Blasting 


- 


The microstructure of a welded seam of tantalue and niobium evpears to be 
characteriatic for purevectale. During welding of raw -atale the typical 
namméring structure changee into a structure of recryetallised =etal in the 
tnermai welding gone and into the atructure of a welded metal in the sone of 
the seam ‘2575), The high grade seom possesses exch a ductibility as the bese 
tetal: its durability is sindlar to temvered metel, tut lese than the durability 
of raw samalcea (table 29) (295). 


Table 29 


CTERNGTE OF SEAME OBTAINED DORIUG ARGCN-ARC WELDIUO CF A Som TAVTALUW SEELEY 


(Butt welding «i theut walding red D¢ Gurrent of direct polariiy) 


Conditions of welding State of Metad Teneils atrengts 
sn kties per 
Kiica/r- 
¥/Q rc-aective chesbsr ¥ot aintered 
W/2 orctective chesber Sintered 
In ctaape r Het eiateredl 
Ya Cheperiive cus-ver Rnrtered 
a0 orotective shasber Sintered, rellad to O. kee, ust sintered 
¥/0 crotectire chasher Sinteted, rolled to CO. kes, sistered 
Is chaster Sintered, roiled te *.5em, not aintered 
In chasber Sintered, rolled to dO.4ms, aintezsd 
——— Uowelded, unginterad 
-~-- Vnwelided, sintered ter MIL} She /t 
/Y6€é4 
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The harduese of the seem 1a less hard than the herdnese of a non-sintered 
metal, wut greater tran ths berdness of a sintered metal. This in demonstrated 
by the diffusion of exygen iu matal from surface oxides coatings, formed on the 
welded seane and eijacert sone during the cocling fellowing welding. 

Shees ogides should be removed, for example, by the nrocesaing with abrasives 
ang subsequent etching ‘« a hydrefluoric acid solution, otherwise sintering in a 
wacevn the oxygen will diffuse into the Dage notal. 

There are wery gcant data regarding the corresiocn resistance of welded tan- 
talum and niobium sesame, but uv to cettain tests, they breve to be ro less corrosive 
resistant than the Base metal. and Sco, for examzle, vhen testing in votassius 


hydroxide golutions a leseer effect on the sean was chserved than on the base 


nota (295). 


5, METALLCSRAPRY on TATTALUM AND SIO3IUW 
For the purpcse of met@llographic studhGest,tantalus and niobium are first 
poliared with emery with the adcition of carton tetrachioride as a humidifier, 
and then mascmmdmt by the suepsudion of aluminum oxides in water en a rotating 
f2lt cloth, The atening for exposing the grain limit muss be conducted dy 
fluerie acid with the addition of ammenium fluoride (4), 
According te HMeyera (295), the beet etehing for tantalum appears Go se 


sald conec atvstien of nitric ecid with 5% addition of 40% hyérofluuric acid, 
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Coatings of Tantalum and Nioblen on dase Materiats 

Coatinge of tantalum ani pisaius a2 varicus dase materials, mush &e 
metalic and even romretailic miteriais, is of grest interest, anf epsnas 
nev possibijities fcr ssing tnese mw ta.8, The vee cf these coating poreite 
tne @cunoay of retsl and ¢5 use if ia conditions where it otherwies could net 
be easily uecd owing to the difficulty of vroceesing. 

The couting of tectaiam and nicdium can be accomplisted by varionu 
methods including catnedie disvarsion. 

Very thin tantetua end niobius cantings could be obtained by electrolvaie 
from neiten nediver, however, the process of chiaining tentalus and nisbiua 
scouting by thie method hee aot yet Been daveloved. 

Gsatings generally build-up by means of decompaciiion of haioid compounds af 
tantalum and niobium, wolutiie during relatively how temperntures and thinly 
decomposing on surfaces intended for avclying the coating with ths formation 
of comparatively thick dense layers of metal, The decomposition of haleta 
compounds may produce thermic diseseiation or restoration of hytrogen. AS & 
suie, it conforms to restoration of chlerides by hydrogca, in @o far sc 42 
sceure during lower temperature. | 

Te first time a high melting tantalum wire coating was ueed by the re= 
duction of sane by Tal, with hydregen was realised by Kr. ‘Pirens (208). 

€ Yen-Avkel' (5}, Bargers and Bazast (215) obtained plastic cosétng, 


by subjecting ventachloride of tantalum and aloblue to thermal deceuposition 


in ® vaccuu on Sungeten filement, neating te 1600-2000°, 


Woyere (209) ascertained that plastic depanits of % atalus can be on 
tracted frew hydrogea wixtures with weatachloride of tantalum on tuagetes 
filament heating 1200-1450°, Be ebtained os a tusveten core baving 5 Gieeeter 
of 6.05 mm tantalum atrivds having a diameter of up to 3. Sam at a rate sz 
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deposition of 4.9mm per howz, Kiobium coatings were also obtained, however, 
niowius precipitated at shes conditions was aot as pliable as tentalua, | 
St becom: more pliable after heating in @ wacom 

the orizival coating of teatelun and niohina was applied oaly for 23s 
veageten Pilawents, then the process of deoxidising Tantalum with hydrogen 
wna uged fer scating large size objaecte (nines, blast pipes of rockets, melt— 
ing wots, plates, rods, and wires) and from ether materiale (iron, copper, 
nickel, molybésrun qusrts, eluminan ezide, graphite) (296), 

Campssil, Poweti, ani Gonser (210-213) investigated in deteil the process 
of ebtaining coating ou various base nateriale, . 

Altheagh the fernetion and condition belag avplied by coating various 


aswects of eamules, may differ between themselves, the baeic process in all 


cases Le the same, 

Purified hydregea e pBeeed over the powder or chloride briquetts, heated 
te & temperature sufficient for obtaining the necessary ralue of vartial 
vapor pressure of xke& chlorides. The mixture is then passed over beated 
samule for cbtainiag ths ecattng:. 

During the apvlication of e@ coating on a metal the depesiticn often 
takes tye stegeas 

& )} The fornation of a thick layer (generally *‘icker than 0.0001me) 
as the result of reaction of transfor-ation between the coating of metal 
ani vapors of halé&éd comvceition of metal; 

b.} Deposition of a basic layer cf coating at the expense of aeoxi- 


disation xf hydrogen. 
Om insetive base materials such as ~lass, porcelaing costing SP ained 


oaly at the ercense of decxidisation of hrdrocen. 


i 

a; : 

Hiabius aed tantalus <a deposited In the came conditions and can be 
easily dsyeeited in tae form of alloys from uixtures of vapors of pente- 


chlorides sf both elexents, 
OFC RCL-O4b fT 
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The composition of the coeting may be changed in relation to the ratio of the. 


quality of volatike salts, 
The tenverature of ths sample, om which the coating builde up, the velo- 
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city of the flow of gas and its pressure, the state and form of the coated 
sample, and finally, the method of its heating, influences the procese cf 


obtaining tantalwa and niobium coatings, 


nQHE EFFECT OF TEMPERATURES 


Usually the vrecess of obtaining a. coating is brought about in the 


ee ee ane en een 


temvemature range of 800 to 1200°, during which the process increasesswith 


increased temperature. During 600° th e deposit occurs with very low velocity, 


ee ee me ee te 
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at 1400° it occurs very ravidly. The velocity of process, during optimus 
tenveratures, lies in the limits of 7.5 to 65 microns ver mimte, 
Selecting the vrocess temperature devends on the nature of the under. 
going coating of metal and on the character of the required coating, (Ox 
copper objects, in view of low temzeréture smelting of copper, the seating 
must ve verformed at temperatures lower than 1100° (usually 800 to 1000°). 
On the other hand, niccel can be coated with tantalus at temperature to 1400®, /J60 | 4 


that is higner temperatures of fusion of hntermediate sion of nickel with : 


aa wee 


tantelum (En the case of forming elloys between metal coating and base metal, 


Pe ee 


for exarmle in the case of Ta and Ni, the size of inteructiate laye. ef 4 
fusion evvearsa te be the function of tem-erature). On iron the coating milér-up 


at temperatures higher thap 1200°, and on molybdenum at teaperatures te 1500°, 


Figure $3. Device for continuous coating of wire during che reductica 


certs a a 
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of enlorides of tantalum or niobiua by hydrogen: 1~ coated filament; 2. ip- 
sulations 3} heater; & halides 5 thermocouples, 
Figure 54, Device for conting details with tantelum and niobius during 


the reduction of chlorides gy hydrogen: i- hydrogss inlet; 2- thersoceuples 
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3 heating epktal; & chloride of Ta ercNb; S insulation; 6- heater; 
f= asbeutes ingulation; S- rudder seal; 9- watew-cooled base; 10- supporting 
heek; li- nienesabie tite current screen; 12- inductor; 1} coating detail (noszle); 
lbp pyrez-type tank; 15- heater; 16- condeneating weasels; 17- outlet; 18- minerel 
eil, 
5 ‘The tesperature of the sample affects aleo the character and stability $240 


: 
| 
| 
| 


of the acposition. At low temperatures tne coating result as very fine grain, 
ahmost amorphous. Increasing the tencerature will result in the formation of sors 


coarse-grained coatings.. 
At wery high temperatures monocryetallised or paeudomonccrystallised deps- 


sition can be obtained if the ccating is built-up on monocrystal of base metal. 
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At increased temperatures & reduction or decomposition of less stable 
BEE compounds up to the point of attaining a heated surfece is possible, This 
leads to the formation of a continuous powderess deposition which £111 up the 


deposition surface faster than the metal becomss coated. 


THE cr oF FaRsSURE AND VELOCITY OF 1% 
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The concentration of reagents in gas mixtures affects the velocity and 
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crystallised structure of coatings being formed. The higher the soncentratios 
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of chloride in the mixture, the greater will be the epsed of deposition, The 
lower the pressure of gas mixtures in the apperatus, the more coarse will be 
ths resultant cryatalls in the deposition of metal laysre.Theranl decompoeitics 
in @ vaccum very coarse crystalle, Conducting a vrocees by atmospheric pressure 
mixture lende to the formation of microcrystallic coatings. 

The velocity of the guz and the character of ita peesage over the epeciuan 
slaninar or turbulent) is affected on the external appearence of the coating, 
of ite eimila@rity, and the efficiency of the deposition process. Turing the 
eteady flow of w- and low rate (<‘10 CM)/per ascond) of extraction of tantalue 
during the coating of wire attains 60 o/o, Increase of the rate of gas permite 
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permits the obtaining of a nore even and uniform coating, however, with the 
lower extraction of tantalum (at the rate of gee flow > 20 cm)/ser second it 


ie lees than 25%). 


In cases when the shanti contains sharp angles, protrusions or gor .aces 
of greater curvature, the coatings are non-uniform because in ouch pointe 
the deposition of the metal ies much faster. But the surplus of netal can be 
fasily removed by grinding or polishing. More unifopm covering of ssmples Aa. 
of irregular shapes can be obtained using turbulent flow of gas or by rota- 
ting the the coating component, 

Apparently, there is no limitation of the size and slaps of articles 
(from large pipes to thin filaments) on which an industrial method of coating 
may de obtained, however, in ver large articles with powerfully developed 
surfaces (esvecially during the coating of external surfaces of long pipes) 
the tendency increases {at increased temveratures) on the formatioa of loose . 
adjacent vowder-like coating. | 

Surface conditions of samples affects the structure of the deposition, 
At high temperatures monrocryastallic surfaces leads to the obtaining of axuxte 
*HXE eV2r an monocrystallic costing, At moderate tenneratures the surface 


conditiona does not affect the atructure ef the deposition, 


EFFZCT OF THE HETHOD OF BEATING 
The sample becomes heated either by en induction or a paesing carrer’. It 
is possible also to use external heating kk but the effectiveness of the process 
in thia case ls low and depositions are formed on the walle of the working 
chamber, which is ordinarily teken inte condideration whes conatructing such 


sachines (298) 
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In addition the relation to the conditions of conducting the process, ths 
properties of the coatings depend aleo on the curity of the tantaluz and aiobius 
chlorides, obtained either by direct reaction between metal and chlorine vith 
eudsequent purifying distAllation, or by the reaction of chlorine se with 


Tag0s, Mbg0gbC with the obtainment of a wixture of heloids and hydroxyhsloids 


which is then thoroughly seperated. 

fraces of cxygen and hydroxychlorides present in the mixture of gases, do 
affect the form of Geposition and ite vroverties. Oxidee and nitrides form 
corresvonAing coppounds in coating, making the obtainnent of uniform surfaces 
highly difficult, These mixtures normally produce a brittlemees in the tantalus 


an4 niobium coatings. 


fre vliability and density of the adjoining tantslum coating could deteriorate 


even owing to the absorption of a smmll amount of hydrogen in the prodees of 
forming coatings and tuts ite condensation (in hydrogen) especially in the 
conditions when the coatingforgs during low texperature and prolonged condense 
tion, in particular owing to the absorption of hydrogen tr other gases, contain- 


ed in a bese metal, and subsequently seperated by them in the coating process 


(vrittle and loosely adjoining couting resulting on iron, vre-heated to rednesa {143 - 


and cooled in the atm..phere of hrdrogenj. 

Ig certain conditions the quality of the coating material affecte the 
process of coating. Seo during the obtainment cf a coating Ga copoar, it mst 
ot contain oxygen if it io desired to avoid brittisness, 


In wach conditions when high mechanical di sbility 42 demanded, coating 


yixGxytia& of 0.1-0.2m5 thickness is apoiied. Thicker contings cas be obtained 
et once or successive avulicationg of thick layers esa on ansther, 
Yor the protection ef corresion in a chemical agent, @ coating af 6,1-0. fm 


thicknesa is generally required, tecaues with a gualler thickneee it is Gaffienlé 


7S WOL- O46) 1 


one Semaine oe eee 


ie he ck sep giao sant Bb rhtretest ony rena hA Ty Sata AORTA ait PO tang eNANUS Ae MSE sine AMRANEHE HA Raden fin! artes) vate 


<1 AN SURGES: LIB A AES I MNKES Soe RARE TEN ROAD cde nist 


UD DAREE ALAA AB chennai oo 


to avoic a pe porous coating, 

The reduction in the porosity of coatings is attained by the applicatica 
of two or three layers, and phe poliehing each of these layere prior te the 
avplication cf the following layers aad shifting the sample in the apparatus for 
better dewwsition ec that the applied layer covers the pores and ovens the 
existing non-uniformities, In this weycoatings were ebtained offering perfect 
protection of the copper and stsel semples against the effects of nitric and 


hydrochlorine acids when testing same for a pericd of 2-3 nonths, 


Coating thicknass to 0.lmm safely adheres to objects and possesses mood 
pliability during which, from the point of view of these vroperties, the best 
coating avpear to be 0.04 to 0.06 thickness. A stsel rod with a diameter ef 
jem with a coating of 0.04 to 0.06 thick 35s was bent several times to aa angie 
of 30°, but the coating did not split not flake off. 

By Brinell test, the hardnese of tantalum coatings is 180-220 kg/m, at the 
sans tine as the hardness of technical tantalum is the form of tempered reds ar 
shests ranges in the biaite of 50 to 80 kg/m, 

The plisbility of theese coatinge charges with certainity, in conformity with 
the changes of theft hardness, inesmich as certain aanples havines lees haniness 
can be wore briktls. Greater harminess ef coating is indicatea on the preecnee of 
imverities whcih were aot removed in the $esparing nrocecs, 

E-rey inveztigation cf sawplea of ta. alum coatings on copper, irom, ané 
wslytée.cm, obtained by ‘ha reduction of hydreres Tells during mild tenperatures, 
indicated that, for exzsavle. the wuarmmeter of crystalline lattice of deposited 
s@tal ie alvwys nore or leas wX enlarged ir compariaéa with ths letiics of 
Skat pel iehed taateliwa, This deformation is caused, by acvpemrance, by the forma 
tion of solid salnticns of introduced hydreagea ia the metal, 144 is not temeved 


even by teapering {nu & vaécum during « temperature of 1200* £328} 
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Tantalum coatings, obtained by bow temperature, heve otroagly deformed £149 
lattice of taxtalum and possess fine-grained structura (esesniialiy famorphous®), 

Such a sharp distortion is the lattice was caieed, apparentiy, by considisrable 
hydrogen absorption which takes place at much lower teuperatures. Hydrogen can be 
partibliy removed ty teupering in a vaccum at @ tezperature cf 1200%, that 
simultaneously leads to the growth of the grain of the coating, Tantalum coetings 
odtained during higuer temperatures have ieee distortion of crystalline iattics 
and more coarse-greia etructure, ‘Texperéng in a vaccuz at a temperature of 1200° 


does uot affect the properties of these coatings. 


Ry w-ray investigation of samplea, thers war oo detection of the formation 


oy mlloys or solid solutions Mycoeting iron and sclytierus with tantelua, 


A relatively thick alloy layer is located between mimki nickle and tantalua, i 

8 Thies allay is wery bara ant stabis againat corrosion and forms a very atrong bond 
between coating ard base, | | 
Tt is alco vosaible to sbhtain metal coatings of tanfclurm end niobiuw on 
diftferest bases; copper, nickle, iron, .*‘lybdenua, tungsten,seteel, grapbite, : 


porcei‘an, quarts, aluniur, pyrex, and carbide comprands; but depending upon 


eed 


the basic croducta it is ales vossible to obtain carbides, nitrides, berides, 


wad eilicides of Yantalus and sicbiux, 
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ClarTER VI 


BRIEF ANALYTICAL CHARACTERISTICS OF TANTALUM AND NIOBIUM 

Tne analysis of materials pontelGlig Ai ddue and tantdiwete onw of the AL 
most difficult, sections of analytical chemistry, since these elements have 
no reaction characteristics and meke up few of the colored compounds /299/. 

Qualitative identifieation of niobium and tantalum is usuaiiy comincted 
with the aid of organic agents, chiefly tannic acid, which, with nichium, 
makes an orange colored compound, and with tantalum, makes a yellow color, 

A mumber of other organic phenol type substances, such as pyrogallal, 
pyrocatechin and gallic acic, are also being used for the qualitative 
dsvelopment of niobiua and tantalws, 

Tantalue in a solution can be dereloped with the aid of rhodamine B 
(tetraethylrhodamine), macing up, with tantalum, a violet—colored compound. 
This reaction does not hinder the presence of nicdium and tantalum ions, 
Iron, mercury, antimory, gold, copper, tungstete and molybdate ions alse 
produce colored compounds 2s, 3097. 

Kuznetsov /30}] offered a mmber of organic agents with sudden coler 
changes in the presence of niobium and gave the principle deliberation 6a 
the discowery sf new color selective reactions, 

A rageber of rough qualitative indications of the content of niebiue and 
tantalws in rinarale is sham in the work of Abranev /Sog7, 

A, The Seperetion and Qualitative Deterginetion of Nichiar and 

The work of the Engiisk ehesist Schoelliar, in the school Alineria, 43 


im the basic cuelitetive methon @f determiaing nichitm and tastales 
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The most somplete sumsayy of methods of qualitative determinetion 
is prepared by Chernikhow and Goryushina [304]. The systenat ization 
proposed by them is discussed in the given summary 

1. Separating Tantalum and Hobiua 

The capability of mineral acids to easily widergo hydrolysis in 
acid surroundings makes it possible to separate them in suoh 8 way fror 
many elements, 

dlong with the bas‘c methods q separaring tantalus and niobiua 
{especially from titanium) are: tanric acid, pyrogallic, phenylarsenate 
and others, 

The tannic acid method, The gravimetric method of hydrolytic 
precipitation cf niobius and tantslum in the pr:zence of tannic received 
the greatest expansion, (299, 303, 305, 306] 

The role of tannic boils down to the depression of the adsorbability 
of tantslum and niobium hydroxides, which permits then to separate fros 
wany elements, from tilanium in particular, This method was firs$ 
suggetied by Schoeller and recaived the designation “pyrosulfate - iannia 
acid" metbod in view of the fact thst the tannic acid 5451. separation 
prececes ths separsiion of the anslysed material *~ selling vith potassian 
PI rosul fate. 

Doring aaparaticon by welting with pyresulfats, ag shown by Chernikhor 
and Uspsnskays (3073, the completeness of sspareting niobium from a 
sclution contsining suifates of aikali metaia, lease than in the sese cof 
the receomenced csparation of a hydrefluoris and suifurie acid mizivre, 
Rowevsr, in this case there is a lerge content of titanive in the 
Seupies, there is a capplete seperetion of niebiuw .n the residues, and 


2 decrease in the large quantity of titanium cenvertes into regidus, 
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Por complete separation one is odliged to repeat many tines the resedi~ 
mentation, which leads to the disappearance of niobiusa, The separation 
of tantalum fr-- titanium pae-.s much easier, 

Alimarin and Prid suggested replacing tannio acid with pyregallic 
acid, based on the fact that titanium with pyrogallic acid form 
in an acid medium a more stable ani better soluble compound than with 
tannic soid [308,309]. For some time past, the tannic acid methed has 
improved at the expense of the use of complex~forr‘ng reagents which 
permit separating tantalum, niodium and titanium from al] elements, 
with the exception of tin ard antimony [370], 

The pyrogallic acid method [306, 308, 309, 311, 342], dAlimaria 
and Frid [308,309] found that pyrogallic acid forme complex compounds 
of the Ro-8[W0(C,#,0,),] = x8205 2,-8 (te, ) (C8 0,) 6) - x20 type, 

4s for a similar compound with titanium in an acid solution, i¢ 
ia a sore stable and amore scluble complex sospound than ths sospeund 
with tantaluz ani niocbios, 

Thus, during the acidification of alkaline solutions ~.vsaining 
complex ccepounise of niobium, tantalum and titanius with pyregallis 
acid, the mineral asids quentitatively acparate in the residue, during 
whish the residus of nishium is colored brownieh-red, ami tantelus iz 
Colored leecn yellow, With this mathed {4 ie possible to separste niabiunm 
and tantalus from ¢itanius, alurinum, iren, rircesius end others, — 

Tre hydrolytic esthe? of separating siobium from titanium was 
Worked cut ty Gyrckomekiy and Fiisenko end set up on tha fast thet pe 
etarted the sedimentation sf peniavalent and trivadast nicbiws Rydrexiies | 


from one Side, ext titsaius hydrarides froe tha other, are ebarply 
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distinguished, So, for sonsavireating ainbinm frum 6,503 ta 3,098 
g~aton/liter of pH sedimentation o7 ite hydreride charges te frss 
0.35 $0 0.77, #44 hydroxide in ph = 1,8 and Hs in pho 4, PMtardus 
in & solution is reduced by sine spaless [315] of sleatroly sally 
to nis, after whish differential hydroiysie ia ecndinsted daring 
sharp dilution vith water and beilize, 
During the first sedisema‘ion tis employzent af thie wetheé 
elready succeeded in obtaining a residue of pentorides, containing 
up to 3% T40,5 in @ repeated cedimenta:ion the quantity of THO, 
3a th: retidue became 1% lesa, 
Ths presence of tartrates, oxalates, fluorides and greater 
quantities of sulfetes prevent separation, 
Tae introdustion of 20-30 ml of a 1% gelatin sclvtion inte ths 
solut: speeds up sonsidsrabliy the coagulation of the residues, 
ss Bolubteova (2'%7 determined that hydrolytic separation of nfodiun 
in a &% hydireabloric acid solution, which passes unes?iefastorily iz 
tne presence of titaniusn, reaches completenssa in the prezence ¢f irex, 
Titanium war not cuore in the residues of Bo 50,s hyarolytiosily 
seoarciel in the presence of a jarge quantity; of titanium and irea,. 
The phenylarsenic methea [3%7)} ia baaed on the sedimentation of 
‘phenylarsenie acid in the highly acid wedium (0,3 ~ 3en) s. ainerel 
eoide in the fora of the E, cls 0, (CB A863). ] Ceapound, where Ne = T, 
em m*?, Thu neeidue dees not distulve in cariasic, oxeiie, sitris, 
hydrochloric and nitris aside, Wa shall now iissolvwe in alxaléu, 
hydrofluorie acid, soncentrated sulfuris god phoapheris sside, # ow 
the sulfurie acid solution, sanveciine hydrogen peroxide, the phen: les 


aenio acid deposits only tantalwm, end nieblum regains in the valut soc 


iy *6 foru of # peroxide compound. 
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fas theory of the couplex formation of arasaio ecid in applicaties 
ta chemise] analytioss goels ia brought out in the work of Portney 
£338), . 

2, distribution of Fantalve ani Mebium, 

Tre next stags of chemical anaireais ~ the separatier of tantalua 
ani niobium fron thotr eolizetive precipitats ~ represents the ost 
aiffiowliy, as was pointed out in the technologival sectiany hex 
trses difficulties «geravete the neal for guantitetive disteitction, 

Tro Marin'yax method, based on the dissimilar seiubliity of 
ETOP, Tluore=-tantsiate and K, WOOF, fiusrehyéroxrsuiebste, permis 
carrying out fractional orystallisation of these selt= (see page 79). 
However, owing te the complezity sf this method, he will ast make | 
practical ase of 44 foxy analytical gosia a% pressst,. 

¥a6 Sehoelier method (395, 310} reewite is the frestieral 
Aistribution of tantelum end aiotium with tansie seid in an oxalic 
anid medium in the presense of ammonium chicride, Tne phyeise~ 
_ ghomioal dasie of this method is given im the works [306, 312], iz 
ehich the vA hydrelrtic sedimentation of nicbivun and ‘antalue with 
ternnie acid was investigated in an oxalis ecid medivua and it was 
astablished thet their somslete distribution in ¢ade in impousidle 
owing te the nearnese of pd at the begirning of their cadioantaticn 
(2 for tantalum ani 3 for niobium); fer coapletenssa of diatribution, 
reseated resedimentation of tantalum is necessary with ita gredual 
separation from niobium, 

Cunningham [341] suggested condvoting seperation in two Sractions, 
vondust control asesenling te the bromophenol! blue indicater ant 
isterine the niokias: in the Eaccealwe fraction by tha vol=svtrde sathed, 
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solor and determining the niobium in the tantalum frastion by the 
colorimetric mothed.. | 

Phenylarsenio distribution [309, 317] is based on the separation 
of tartalum from the acid solution of phenylarsenic acid by retaining 
the nicbius in the solution with the aid of hydrogen perozide (see 


page 146), This indicates the difficulty of practical application of 


thie method for mass enalyzes, 
Hypophosphite distribution [320] is based on the formation ef a 
low-soluble complex of a compound a taitealum with hydrophesphorouws 
acid in the oxalate medium, The method consists of tantalum and nic- 
biws oxides in melting with potassium pyrosulfate, disselving pig 
iron in semonium oxalate and the sedimentation of tantalum in sodium 


_ pyrephosphite in the form of & wail coagulating white precipitets 


(P0325) (7@.,0,). The quantitetive separation of tantelus requires 


double sedimentation, 
The reaction with hypophesphite is very sensitive and permits the 


disccvery of the presence of tantalum in a solution with @ concentra~ 
tion of 1s 1000000 [312], 
The jodete method of digtributior Chernikkow and Uspengkaya 


[327] euggested the iodate method of distributing niobium and tantalum, 


waged on the Gisaimila: stability of their oxalats cemploxes, Tantalus, 


with iodate in acid solutions containing oxalate, produces au inseluble 
compound, the exact sompesition of which is not sstablished, They 
somplieis the determination with iclometrie titration ef the resulting 
sempound, emerging fren the umpiries! fester, abtained om the basis of 
HG Tedulte of titration. saccerding to which $he ratie fe: F438 FOy- * 
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The extreation and ion-exchange methods of distribution, discussed 
in detail in the technological section, at present are also developing 


a very large application in analytical prastise, 


B, Volumetric Methods of Detecting 

Tantalum and Hiobiuz [304] 

The volumetric methods cf detection (oxidimetry and electrolytic 
reduction) were worked cut chiefly for niobiua, 

Oxidinetric detection is based on the ability of niobiwa te 
produce @ variable valence compound end san be used enly in the 
absence of titanium and cther elements, also possesting variable valence, 
Reduction of nicbiue can be performed with amalgomated sinc in the 
presence of succinic seid, with sino in the presonos ef flucrides or 
phosphoric acid with subsequent oxidising titration with permanganate, 
However, &11 these methods of oxidimetric detection are unreliable, 
since nicbium reduces to different degrees of valence, which makes 
the exact calculation of the results of the analysis practically 
imposeibie, 

Eleotrelytic reduction of niobium is performed on lead, platisam 
and meroury ca‘ hetes with subsequent oxidimetris titration, 

Volumetria methods of detecting tantalum are unknown (in connection 


with the fact that it does not poesess variable valance in solutions), 


axoept the iciate aethod, 


Ve. Colorimetric Methods of Detection 
Colorimetric aethods ara alse werked cut chiefly for niobium, 


since tantalum produces domparativaly little selectivity of solered 
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Compounds, 

One of the better methods of colcrimetrio detection of nichiun 
ie the method worked out by Alimarin and Podval'naya [322], It 
results in tue formation of a yellow complex compound of Bf #:0(8CH) Pe) 
extractable with bxyesicodateining orgenia substances: alcohol, estars 


aa 
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and others, In this, tantalum produces the colorless H, [r,0(scH),] 


complex, 
Pitanium alac produces & yellow~cclored rhodanide complex, but 


ao ewe te ge 


the sensitivity of the reaction on titanium is considerably less 
than on niobium, both in the retio Nb: TM = 1230 and the concentration yi 
of Ti0, in & solution of not more 0,3 mg in 10 ml q titenium heve L/7? 


SOAR Se id ce oo 
oe 


no noticeable influence on the deteotion of niobium, As wae shown ee 
above, nicbium and tantalum produce somplex compeunds with pyrogallics 7 
acid, In an acid medium, conteining oxalates, tantalum produces 4 . 
yellow colored soluble complex, at the same tine, niodiuz in an 

acid medium dess not form a colored vuapound, Niobium, in contrast 


to tantalum, produces @ colored complex only in an alkaline or neutral 
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medium, This permits dsteoting niobium in the presence of tantalur 
and, on the other band, permits detecting tantalum in the presence of 
niobium [323, 324], The disadvantege of this method results in the 
necessity of predétesting almost #]1 associated elements, chiefly 
titanius, which produce an intensive yellow color in these sos7itions, 
Dirnin's investigation [325] ehowed thet if detection is carried 
out in a 4-H, hyd cshloria acid medium and if mescuresents are made 


of the optival density ‘n the ultravislet region of the spectrus " 
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then titanium ani a wajoréty of the other slemats hinier detection 
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very Little and it oan be carried out without preseparation 


from the aszociated elomonte, : 
In sulfuric acid solutions, siobium with hydrogen peroerzide 
prodyces a yellow colored per acid [319], Tho intensity of the residues 


reaches maxiava in 100% sulfuric acid. In these conditions the 


recidue is very insignificant at the expense of titanium, fentelun 


does not produce a residue. 
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The influence of titanium on this reaction is removed by tne 
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fact that colorimeterings originate in a mixture of 60% #80, and 
40% BPO 4° 
Langayhr [326] and Pallile, Adler and Hiskey [327] studied the 
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absorption spectra of the per acide HMO, (o,] and HF20, (0,], 
which are formed in an acid mediun with hydrogen peroxide (327). 
They worked out a method of detecting niobium and tantalum based 
on spestrophotometering their peroxide compounds in sulfuric acid 
solutions, | 

The chserved abeorption maximum for niobium is 2 = 365 i, for 
tantalum, 2 = 285 A. The absorption maxizum for titaniue ia 2 e 
410 4, jn whioh the abserption of n‘-bium and tantalum is negligibdle 
(328). 

4 colorimetric method of detecting tantalum in the presence ef 
aivdium was worked out resulting in the fact that a flucride complex 
of tantalum with methylviciet forms so blue-violet eslored sompound 
in pi = 1.9 - 3,3 which is extracted by toluene, The light absorp- 
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detect from 0,025 to 1.5% of the tantalum in metallic niobium, 
fiteniue does not hinder the sensitivity of the resotion on pure 
saite in 0,2 v,al [329], 

Colorinetrio detecticn of niobium, based on the resotion of the 


formation of phosphowolybdic blue (heteropoly acide), suggested in the 


we-k [330], did not receive wide application wide application, 

Chlorination methods, used early for the anelytical separation 
of niobium and tantalum from titanium, are being developed ance, 
Se, in tke work (331j, a method of separating niobium and tantalua 
with chlorinotion with ootachloropropane at 300°, 

Kicbium can be seperated frem tantalum by leaching the mixture 
of oxides with selenium oxychloride [331], in this case the ntobium 
together with titanium change into solution, and the tantalum is 
in al] 100% in the residue, which is calcined and suspended in 


the fora of Ta0,0 


G. Fhysical Methods of Analysing 

Wher it becomes necessary to determine small emounts of 
tantelum.in mixture with niobium or vice versa, we uss physical 
analysis methods such as spectral, roentgsncspectral snd other 
methods, Spectral determination of niobium has been sost 
thoroughly develsped by Cheries [337], rar‘d roentgenosyectral ef 
nicbiue in steel was developad by Cordovi [333]. Bescon and 
Fisher [334] intrctuced a method for quantit-tive deteraination of 
nicbius, tantalum and titanius from the sum of their oxides, 
4% 48 based on tha faot that fran these exides only tantains 
gives & radioactive isateps with long period of half-life, ohioh 


in tur offers the possibility of measuring its radioactivity. 
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Titanium in that sixture of oxides is determined colometrically, 
ani nicbium ~-——<- by the difference, 
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Chapter VIZ 

1UO-COMPOME ALLOTS OF TARTALIN AD miobrum 

Meany ellop of tentelus anf scibium with other metele and also vita 
aeamstale poseess « weber of rolushle propertices-- eeid resistence, hett sésdiliize 
aad corrosion resistance, bigh mechanical properties et ordinary tenpere tures, 
baréness and therme] andésien properties. 

Rewever, theee alloys ere asst widoly weed in industry bectuse they 
ot4ll beve not been fully studied ené in o@ number of cases there is a scmplete 
abeonee of Geta om phase diagrams of systems of tantelus em) niobiue with cther 
elements. 


In this oné the following chaptere we vill examéas the dsic published 


in literature beth on tagtelem sa4 ofobiue slloy systems and alzo on individwei 
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puaacs ia sens azeteme, which are of practice] and acientific interest. | 
Tor eoareatet: wee ap outline ie constructed ip aiphebetical order, | 
wherehg the binary aystere of tsstalum sod alobius ere acamined and thea the 
| Germary ant quaterrary aed cette guisery ayataus with pe: ticipetion of these 
alloys. 


Bicblae-ai’ tgea, Siotiun alividee can bo produesd Egréirest syntheeia, 


i.9., by treatiag the siobiaw powder is s eurregt of altrogs. of semoria £295, 356/, 
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Mitriding of niobium shavings for k-5 bre st 1300° permite obteining 
the bigMnitride of nicbius WOM, 00, end et 1450° the nitride Wally 99. By heating 
these nitrides in a high weus at 1300-1400° for 3-6 bre ( in oréer to remove 


@ part of tne nitrc gen) nitéides ere obtained which are more ai trogen-impowerioned A“ 


Grom. WAN, 5, OA). , 


“Yriaelay, mrad beating eixturos of nitrogen-rieb nitrides vith niobium shavings 


AMR 
et 1450° (3 bre) in ap srgon atacephe:e, low nitrides ere obteined ¢ NO 95) 


The kinetics of the reaction of nitriding aiobieam and tate we 

were studied by Gulbrqmsen and Antseve /337/. 
— ~ for 

The fener gy af lectivetion/éurime reactive diffusion of nitrogen ip 
niobium is about 25.4 end in tantslum 99.4 keal/mole, i.9., mitriding sicbius 
is easier than nitriding tantalum, 

Niobiiue nitride can be produced alac by sitriding a mixtures of 
Nb205 Gr Mb, 0, with carbon in ae streas of aitrogra, 

properties aad tara da hy aus 
A iist end the resulis cf the cld studice on we, | ccadb-steneeks 


pes. 
fF oiobius nitrides are given in weade /87/, 


In 1940 Geazekiy studied {oy gesne of X-ray Siffrectiog) nebiow aitride 


tee 
whieh wes aroduced By Eetich by rosating for tarece ¢ bout® c aisture ef alodius 


with ite Sydride “m8 @ siresm of aitroges ai 1litG-.end y300°% 


while 


@eee aitridiag 9 0.27$-~me dieceter alchium wire wlth eamonia for one 
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Sepeseege the presence of on extern] layer of Mbil ead on intormal leyer ef 
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Well exystellised Sepesite of niobiwe aitriée are obteine? /340/ ly 
gresipitetion en s tungsten vire vith o disaster of 700 ieseas st 1380-1950" 
a6 @ reoult of the resetice between the gscous MRC1, (at a preasure of its 
wapate ef WO~SO mm Hg) an? the mixture of equimoleculer volumes of E,+ HK, 
(vote) pre:oure of the gasen to 600 um lig). 

S complete S-ray investigetion of the Mo. system wes uste by 
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body-centereé eubie lattices with @ period which differs very little fron the 
pericd of pure miobiua (5.2943 + 06,0002 Aj. &m investigation of the solubility 
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e © of 
dratate-e supersomiuetive atese at rather high tenperatures-- about 15.6°% /§31/- 
Figure 546 shows the results of investigating the heet sapecity of Nom 
at low ter~eratares /344/. The anomaly on the curve of }heat-capasity/a® eeout 
15°E shows the traneition of niobium nitride to, superconductive The critical 
magnituée of the magnetic field Getermining the transformetion tenpereture te 


@ sagerconductive state is - 257 gauses/éog. 
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hypothetically s s0l1i4 solution ea e@ bese of eluminum and e compound HbAl ge 


color 


the srystele of which have e Er when exemined in polarised light. 


The microhardness of the O¢-80l1id solution end the compound Mead y 
{under eo load of 5 g) is respectively 78 end 375 kof 
ase 
Breuer /355/ repested the axperiments of Marignac by reducing 
fludpeniobate with aluainus at 1200° with aubsequent coolin, at e sets of 33 deg/hr. 
“ie # ~———> In order to separate the compound Nbal,, the produst of reduction vas 


Sreated fe » hy@rochlorie seid ,which did not effect the intommetellide 


fn contrast to tos alimlis which dacsomposed the Bhai, with the formation of a 
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white-colored produst. 
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BrvIwER of the tetragonal body-centered lattice ares a = 7.357 %. 0.004 A; 
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@= h.2a7 * 0.002 A; c/e= 0.577 A; the meen distance of Mb-Be is 2.78 kX. 
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Niobium-Boron, During investigetion of the system 1258/ in the region 
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te 10 af. % ~~ B, in acdition to tne a -phase (solid solution of torcn in 


boundaries | a‘ 
adobium, she fagus of which vere not estublised) the [etesens p- p- and & -) 
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Ais CONTAINING KTW<en Ae ond OAT ZB 


7 and the p- pusse at Rwaemmem o bi,:. tempereture. According to the date | 
The sompound NUB is unstuble at hagh teaperatures; with an igcreese ia 


the, foatent ef bcron) in the alloys the degrea of stability of thie bertellié | 


ie reduced, The phsses ¢ and ANbKy correspond apparently to the conpoum euce 
\ | 


with 25 at.24 ™~  B, which or stebie in the temperature re,icnn of tie oréer 


of 20-1500°, Phia phase ia an sso works of ToBe 


The obese NOB, probably is NboB. meta oa boride stucwhet more state 


@ than Bb B. ee. phase . Js wok arr seis aba top. The *y¥ -phane of KLE is Get 
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with a rhombic cell the puntmie of which ere: a= 3.905 A, b= 14.08 A, = 3.3397 An 
fhe The €-phase of NbB,, hes an A1B,-type . Yraxegors? lattices with | 
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guxkein a= 3.089 A, c= 3.303 A, c/a=1.07. This phase hes # region of bomo- 


geneity extending slom,: both sides of the stochiometrie composition, bat 


not wees sot precisely determined. 


NoB, hes a density of 6.60 g/ea? » @ microbardsese (30 g) « 2595 icg/um”, 


Fesistivity of 32 hm * om, end its heat of formation is about 36 keal/nole. 
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The melting tenpeseture of NDB, is 30007 50%. 
Miobium Jiboride ie rapidly decomposed by aesdeen alkelis and cerboustes, 
eve af 
Oxidation in the aiz to # rather considereble degree beginr atmunigees 500~-600%, 
It is stable agsinat the effecte of mineral acids, is easily decomposed by mix- 
turea of acide during heating. / 
Table 30 giver the date /360/ for the deerae of etebility ef afobiue 
borida im varlow: reagente. i 
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Nicbium-Tensdium. Thie syetes was etulied by Wilhelm, Carlsoa and Distenece : 
#961f/, Tho specimens of alloye were prepaced ty mixiag powders of atcbium and ; 
{?, weeediuw produced by eslelun-theraie refuetica of iis gentexzide, and preseiag i 
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temperature ecoording to Pireni and Alterthue £362/. The results show the 
presence in the Nb-V¥ systes of @ continuous series of s0lid solutions OFi¢g. 57) 


with periods of the lattice varying additively (Fig. 58), and « bardnese, the 


: @hape of which is characteriz-4 by © fiat maximm at 75-80 FR, ({ a8 compered 
} 
with 50 Ry for vanediun and 43 R, for niobium) (Fig. 59). 
The corrosion resistance of alloys with 510 and 50% Nb is approximately 


o the seme es for eteinless atedl; after remaining for 375 bre in contact with 


. water vapor at 178° po substantiel skanges of the specimens were noted. The 
alloys ps*,ared from niobium powlers proved to be gore brittle then alloys 
prepared from miobiua shevings, which is explaised by the ,reater eccntent of 


impurities im the powders. 
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Bs Me 0.46, At the same pressure end 1000°C the eolubliity of hy@rogen ond 
aicbium is 50 tines less. 
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S) tantalum boride 

6) 24 brs at 20° 

7 bested to boiling, 2 hrs 

&) concentrated 

9) saturated solutica 

16) aque ragte 


22} are 


Wig. ST, Diefras of the Mlobive-Samediwe ayetee 


: 3 ri let TEE eR 


es, 


£ 


? 


LL} feontent lniobivuel alee 
- el 


arena 


wago gee € boy Dope acum € Stee. AS et i ees oe 
BE Oa he ANSE IE BLL Fe Os 


“oaeeen Oe et el “§ 


wat 


Sir Bee 


CNA oo SMR MS og 


fern oo 


py OIE BP reece ee TROP 


eo 
an 


Tho selwbility ef bgfregee is 90.58 nicdivs ‘ 


Teaperature,“C eo ececeses goo ao 80 700 $40 6 S560 
Belubility of hydrogen, e/g ..002. b0 S02 907 18.5 29.7 Thed 
Temperature, Cccscose 450 408 350 300 200 20 


Solubility of aydrogen, car/g...... 65.6 76.8 89.6 88.0 93-3 108 


Pig. 50. Hardness of niobium ead vensdium alleys: 


© = aanseled alloys of néobim powder ; 1) — fused alloyea of niobium alloye; 


© =. annealed alloy of nlodium shavings: A — fused elloys of niobium shevéngs. 
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1) Kardness, R, 
2) Content, wt. & 


Fig. 60. Chango in toe weight of niobium during the reaction wits hyrdregea 


relative te temperature ead tias. 
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velov 500°, sms is reached more sloviy. 
Aceoréing te the Sata cf Galbraneen ond Antrovs /365/ the renetion 
of igiumgeacntss afoliua vith hydroges begins et 250°, wherein the content 
of hydrogen is rapidly increased to 960° ord then decreates % 560°, apparently 


Que to the decomposition of the lower-tempersture hydride, end from 560° te 


go0° the hydrogen content im niobius egein incrcases (Fig. 60). This indicetes 
the existance of two hydrides of niobium with different tempersture renges ct 
stedility. 

According to Umanskiy&s dete /338/, the atoms of niobium form ia ite 
hydride a lettice whic: differe only a little from oe face-centersd cubic 
Jettice with 8 apacing of #22 3.42 4, It ie possidle to easume that thie lattiss 


ja rhombically or t«tragonaliy dietorted, Such an assumption safisiector~y gr aladnd 
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Yo.5. Unsaskiy eatsblished thet the (caveat ef|haérogea)in niebtun 
hgériée ie equsbete bh ol % , weieh apprexinetely en eres 
formule Mol. “The spesific gravity of MOH is 6.0-6.6.— Th. hydride NOH ot 15°K 
transforas to the superconductive state /$42/. Aceording to the data in /KL/ 
hydrides qontaining lees then 50 8t.% Hf aleo Pood tells abesheeoonee Me 
Bivte ( tn ae study, hydrijes were used enich were obisined by treating FRE 
nse in hydrogen at 800°; cf. Fig. &1). 

A detaiisd study of thy systems niobium-hbydrco,en sod niobius-ceaterive 
wan pede in wed /i47/, where the sooresponding alloys were produced by 
hydrogenstica 2% deuferation : ef aiodivm sheet prelininertiy 
degoaseed by beating in a high vasuim st icoo*, it war egtabliiahed that the 
Frets the ellesa form with deuteriwe is lees thas Yor b, rides. The ai iroges 
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Thame tho boundary ef ihe Cl -gnoee excetiy co:mides with ta? sick 
wee ¢ited in study /366/ 9.99 af. %. From Pofy 2) te Wl, y (end fren 
WeDo 99 to NOUDp 7) there ie 2 two-phase region (A # ), end further fron Mi, 7 
to WOH) a9 there is pavers vita a rhombic fece-ceetered lattices witd 
epecings for NoHy gq of: as 4.83 A, B= &.89 A, C= 3-hh EX (sash @ phase éleo 
occurs for the system No-D) These deta do aot egree with tho structural éste 
in Mare /966/, where the pereaee is ascribed ag e cubic dudy-centered 
lattice and, epparantly, theses dets ¢re wore correct, Breuer end Hermean 
determined the region of the beta-nioblim hydride between 4) and 47.1 of. % B/ls?/. 


Nicbium-Tungsten. According to the dets ca /15, 465, 367/, ths slodiue- 


tungsten @liogs are a centinucus series of solid sclutioas. 
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i: the tungsten scntert ta the allege Trea 188%. at. Yo -2 the ememst ef ons 
ef the Phaser is Gosveasce. The clisys oestaiaing veween 80-160 af. te are 
singin-phege both in the sintered anf fa the amnesia? states, 

fhe hardness of the alloys reaches 959-470 K,. with 10-50 wf. % ¥j 


the real stivity £0 0.3-0.4 ohm ° an/e, 


Aesording to the gate in /8/, siobiwe centeining to 10 wl. % YW has 


the Soilowing prope Stices 


YW content, wt, F Limis of Rupture strength, Zlon,stion Vickere Hlecstrie 
proportiopality, ig/ome 4 Hardngss ecndustiel ty 

si formes 
2 22.06 28.9 29 87 16.2 
5 20.6 31.2 8.5 113 o - 
725 39+9 52, 20 113 ° : 
a0 40. 46. $69 198 212. 
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Miobiun-Germeniue, According to Walliewn’s deta /U71/, in the a 
system Wb-Ge thas ic @ ecapound eGo. with @ streeturs of the CPZhig trae ond ' 
lattices apasingss @-~ 4.957 &, «& =6.nd. The oxistGnce of thié eompound 2 i 
confirmed by etudy /372/ where the same type of lattices ia ,ives, but vith ; ; 
somewbet different latéica sprete az 4,966, 6 56.781 4. Besides Shia wiebium 
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The USER hee develepet en indus teh production of ferronisbium with 
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Vith @ sontest betwese $2.§ and 36 Me wan confiresd in the systen as el} 


ee tus eacened peeee FR, 


feo c0lié acolution on 2 bese of am forme two eutestien== with 


O -s0144 solution of niobium in aiekel at 273.5ukX% Mb aad 1275° end with 


she aseuned phase MiND ( -y -phnso) a& 51.6W: 7% Bb ond 1175”, Thcbolubtitty 


of niobium ia nickel is 20.3W0% st 1258%; 16% at 1200 ; 15.0% at Lod” end 


10.7% at 900°. 


Kuteschewski and Schneider /h06/ found that she solubility of 
siobive ia nickel 4s less than thet wich was satablished by Fogoie end 


Zelilnen and (5 8 8615% st the exactly determined eutectic tenpereture of 1265° ° 


The solubiilty of nickel in aiobius is sbout Sf. 
Alloys St-Ni are relacively dwatile. Their serdness with 83% M is 


349 By as comperc® with 145 By with 3% Mbiuthe greatest Ressteke Te ela 


dation are the alioye containing 5-1°% Mb (i.8., #0144 solutions of alebiaa 
Au siakei) /0o,', In @ hoterogumeous field (Ol 4 Bi 3b) the resiewsee t¢ 
egidation 16 G@evuransed ec& with 998 Nb the elleya era lees Bessie eee pure 


ajeks). The alloys ef atobiwe-nicld ere vary fesetat yo <cid gorroaice /1-5/. 


the eclid selutiom af eicbiusm is Riekel are the moet 
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the ovlid solution ext mi oe, abe seapeciadiy Aas Macn . the effest of 
of aitrie acid, beat ecco@éing to the poateulation ia /155/, should be 
ecnsidere? as due to the formetion of en inhibiting fila. | 

Miobiva-Tiz. According to the data in /h07/ the No-Sn system contehns 
wz acd Wb3Sa whieh hes a t VW structure. The eligya in this study were 
Cbta ined by fusing tin om niobium powler ia e sealed quarts tube et 1200°, 
Bf a fe formed by = peritectic reaction at @ temperature between 1200 sné 1500°, 

The epapound Nb Sa is & superconductor at 18.05% 0.1°K -- et the 
bighset temperature of trafition of e11 those tnown fcr intermetallides. 

&n teray diffraction study /408/ confirmed the , resesse of & 4 oW 
@ubic lattices far the compound We,St with e@ specing 5.289 “ 0.002 A with @ 
R-rey density of 8.92 gion’. 

Miobiun-ommiua snd niobium-iridium /§09/. In the syetem Nb-Oe and Bh-Te 
wpa fous tae pheees Nb Os end ie al with & ¢ ~8 etructure suf spacines 
Faapentioely of: © 2 5.12) & and a we 5.29) A- 


The Leray daBsity of Hee fe 13.59 ane Meg it is 11,52 g/amie 


Asearpding to the desta is /405/, ahd aha transforma $2 the sunerecpdue ti ve 


: 2,2 & ste &  ayth 
state 88 8 tes eragure £1 °E, ant Bbgiy 23 2.7°E, 
2 
Highium-Wsilsd4 a, (409/, hiobiigs forma wits peliadius oni Ag 
sere 0 en or sc i eal 
Atece*ssigta & DRS Ie 3 ¥8 eit Ny A, 2 E! 7 4 eo 4 


4 
é 
3 
} 
% 


peese, but 214 not prove it. Ia ree /209,'the pines wb Pt waa revetlei wits 


Wodium-Pletineg. Callteun /410/ discovered ix thés eyaten © Larue 


with © » -W structure ant spocing o@ 5012 do 


The X-rsy Geasity ie 11.59 g/m. honerding ts the date 10/_08/, 


MogPt taunsforms to the superconductive stecc at 9. ra 3 


Miobium-Rheaium. Ascording to the dete of aa X-ray emi eic 0 


aQgries of Wietess tues poases were revealed in the aysaten. The alloy conteiniag 
_ 37% (atomic) Mb at 1200° is a phase with an o@ Ma-type lettice witha 

spacing of ox 9.470". 

Annealing the eljoys conteining 37-65 47. & WD at 10h" eeuses 

the appesrance of the g -phase (ReNb) which is in ecuilidriue with the 

ss Mn-type pbaee and the phase of the sickiwe-base sclid selution, The 

Senpound fethe hag & hamagonsl lattice with sosainges a--%.72 4. em S07 2 

6/@— 0.52, the siobdum-bage solid aolution Bes & face-sen wad azdia lattics. 

Up to 46 & Re disasolves in siobiue at 10009 (ees alee gs. 267). 


Hiebiue- Rhodius. acoording to the dois in /4A0j/ tue peeees were vows led 
Sli ee rs Nee = A 


come 


3 S: he 4 Soye P Sy Be : Y ot = 3 x q 5 " 
in the eretem at idk : Re, Sittthee with « ‘i -@ strueture ari a speciag 


2 ¢ ¥ 2 ¢ Roe a ee seks aed 3 < eS. 8 ge: 
ef:@ = §.118 A and the sc-aslisd @.. phees ERED) wish 229.774 A, 3 75.058, 


Peo wy F. ar sy Fey Wim te ee Sy RS Eo Se ae a = Sox 24 ee Sh. a! Pa < 
ai efa @ 0.527. Tg eruiiibruiea with the @ -sherss is still eastser uniderti figee 
$MSa UHLgh LS rich if Beelies, 

od & 
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The solubility of rhodium in niolkium ds high, but pot exectly determined. 


phosen 
Niebium-rutbeajum. A maber of internedéate wore reweleé in the syaten 


at 1200° /409/s with 48 ot. 3 Me o niodius-dbese e0lid solution phase, with 


bard 


ST7-52 e§.% We tetreygona] pace with sph@eings: a= 3.00 A, c £9.38 A, s/ex 1.13; 


ee OO 


with 32-42 ant 22 at. £ NM two more phases were found whose structures were 


aot determtacd. 


Up to 22 at. % Me dissclves is ruthesiaa. 
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Wiobiue-Sulgr. In Ree /4ll/ the sulfide MoS, 7, wes revesled. In 
fee /a12/ Bilts and Kesher obteined niobium sulfides by synthesia of ths : 


8 elements under preseure, anf eloo by removing the sulfur from tie higher . 


micbium sulfides. Tessimetric crelysie of the sulfides abowed thet the preparetions 
wits $91.6 to 1.8 OMS, 6.3.8) are gompounda which ere slightly debasposed 


ots temperature of red keet {700-800°} aad even at i070". Mobius fares txo 


t 
selfigeas RK Fy whie. is Lowpoyenseus to the coupositéca WS, « 2e3 the arate 
aulfide WeS ekich dissolves te eas ates of BWisbius, i.8., “@ 2 éaagesitice 
Moy 5 e Pea epesifie gravity of Hedy is 6.66; BOS te 5.77, Ree, $s 5.14 
awe x ‘ = = * : 
aad HPS, a, is 5 &S. ; 
$ bag aa ‘a ps ; zi 3 ee “es = 
a BGi as& MeOH docs ant effest Fes; Bot Ry, eavily dteaciess 14, bet =! 
mr Se 24 
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ef perrickiun eet4 ent tadprveipivation of walter. 
Tho chamies] gerportice of IBS, » are analogous execpt thet 
MEl ent Nef alewly Cissclve 1%. 


Miobiu-Teztglup, Fre: the resulte of em I-rey ond mesellograghic im 


vootigation it was feund that aiediu: exif tentalws form a scatiaunus series 


Of 20114 solutions /120, 15, 367/) their alleys ore aeted fer their hee 


eorgesion Rtxtiasks ond the stns stvength 26 tentelus Sad eiebiue. Pogréia sat 
eecctistes investigsted ths tantalua-aiotium system by wéthed of Setcrmdag 059 
{ tenpereta:, of the dDegianing of malting of the spesiness whics wess slatered 


frem o mixture of powders, and by Geterminiag the dectwies) cemfustivity. Their 


i 
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date ame preseated in Fig, 7i. Temper, om spasincas ef elastrelytise alisye wre» 


peared by Gousteatiaes, éetermined the teasile streagth, sproifie of ‘ongs tion, 


@ ualer jiend ef NK g anf the Gvetilig by ine Eriesase 


Ses% when teeting with a pumcd diameter of 8 os. Detesmiaetion sas ate ea 


S,3 Be thiek #208 epiaxtels after aeaceiiag a¢ 3360" 4% & Bigs weeees. 
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G,, xghm &a Depth of Eriehses 
z *y200 supping, =m 
39.0 —_ 17 . 3.22 


7O wt.S fe + wt.S 35.0 19 Lig 4,45 
35 v0.5 Te + & ut.5 39.0 Ce oY 3 9.26 


Acoerding to /8/ tho cliey of afoviw ‘ith 10 wt £ tesntelun mo 


@ Pupture strengts of 2-5.) ke/jex*, @ limit of proportionslity of 33.0-$2.7 


ng/ua®, eloon.aticn of 10,7-19.8%, Tickers hardaces of 111-7h kg/mm’. Nefeders 
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ang Soaetentinog studied the corrosicen gensmaee of alaectrelytie slioge of 
tentsiut with siobium. Their date ere given in Pty ‘able 32 (for Te-Mb ses alec 


15851 }o 


Wobium-Titenius, fhe aytem was stédied in deteil sy 


ha Mlle steph lapel, ae oe, 


Henzes 0% el] /419/, The alloys were prepere? ce dna ze of mgnesiua therais (99.758) 
Ly 

aad fodiée (99.9%) titantwm amd pénbies contsigiug to 0.2% Si, fused in aa 

ere fursece with a twngetes elestréde in 28 ineri.gis stgosphe:e, boeo genisad 


RY anmesling for 20-20 Bre et i260° and sue iscted ico astailegraceis end 


So8aF CREE! BSLine, of the Bee's of the resiiiea of wklsek = shaee disg:2@ wuss 
Beate ES eee y Ree, a a .% $e 3 
SORE EPicfed e984 i ahcam ig Fig. 73, Pea acivbility of aisbiwe $8 = <i : 
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Perther investigetion of this diegren, wiieh ave dene by Yolyutia, 


Bornehteyn cad Peviove /hls/ yieléed efAStions! real te. 


Fig. Tl. The aysten Te-Hi; a) diagram of fusibility; }) somsitution Giegran. 
Mesistivity (after Pogosia ete al.). 
=k 3 


Key: 1) Teupersture by pyrameter,°C; 2) ecntent, wif; 9) resistivity, em a's 


&) eomtent, wt.8 ; 5) temperature soefficsicnt oh 
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Fig. Fes Dis gras ef the wf 8 Mi-TS (after Ransca ete alije 


, TT Oe ete ee 2 
Rey: 2) Copteas 2%, et.8 ; 2) semperetare, $; Jiseateat MH, wi.S;) §) Tusiex 


Fis. F2. Diegram <f tha syste Mi-T4 (after Yaigutia 34 2i.). 
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Corrosion Ao siatonee of alloye of taentalup with sicbiv. 


Media Tanp.,°C Looses, g/n* bre 
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hestie 6014, lee 2018 


The elloys is this steady were prepgered in 8 grephita srucidie By 
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wet Te eae 
emt oti) ensther marinus Dy, for cllays with 29-908 Be. The presence of the 
fleet of these muxizmn confine tbe existence in the syoten I-Ti of the scspount 


are : 


ee, a eee 
_' 1 qgteblgohed im ate /gls/, to whieh Grun-Grehimyie seeribel tho feomle 


Tigi; the sesend maximus iniiectes the existence of the oxgyecnl Myf, wich 
be smgreb~atc. 

The eegtieas progertias afpke aileye ef alcbium with titanium rere 
investi,ated by Gross /h14/ on apectsonn orepared ty powder motellurgy methods. The 
Feaus ts ai aoe toet with am imersese is the alediun soatens te 20% the 
tensile strongta contineously imerzases es) elon tica éeerenseo from 1m 
$e about 2%, 

Suriag pressure trestiag ia the eold /Ai7/ the rapture streagts 
ef the alloy vita 7.58 Bb, as eougaved vita alleys aot-relicd 6% 900°, imaroaces 
3.% Siamese, bat tee alengstion is deerecend from ZF to Sa. Gresiar sédtiane af 


wiabiw: t¢ Biteniwm insiseivicestly deerseee, tse duetility af the allega /Aig/. 
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Aooording te the dats of Prailem, Drighiston, and Nai'tesy /kl%/, 
additions ef 1 te 10K of Bh te titaaiun inerescs the strength of titendm at 
room end elevated tem: oratures witheut lowering the resilience; thse alleys 


hevwe an increased modulus of siastisity afi high temperatures end high ruptere 


strength; they may be oged as hoatereaistant alloys, 


{1} Content in S; (23 afer” 
Fie, 7h Mechanical properties of nicbimm-titeniwm allors. 
According te thebu thors of work /his/, it 48 generally déffieelt te 
rirengthen alleys on the M% bess becaues the eclubliity in tie hich iaparatics 


vodifieation o* titeniw: ( 9 -Ti body-centerod cuble lattices) ds leee them ds 


4 


tre lew temrereture eoaefies ties i¢- elowe packed): due G Be tits, 4% ig 

Seaogetbig to strengthan the alley dar‘ng esading because Lee lea ue forse tion 

#f the satursied gute ca ths ~~ besa, Elotium, on the othetiand beams fe fan 
” s _ 

ths ni, boereturp Godification of titanium esd de eupetis ef ineressiag i¢e 


sngiderahiy, Thie da com*ieee’ by the date evalishkie dy the 2) teratere 


ey mealifsente of physiewl provariies G2 thease alleys, 
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tantele (10-50%) with tt4eniee /43/, 
fable 3h 


Kesianical Propertiag of Niobium with Additions of Piten..m 
Content of Proper ticnel Breaking Strain Vickers Riectricul 
point, eefomt hardngss Tesistancs 
ke/en 


titerim in linit, 
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Studies /421/ of the electrical resistance of Want mas Ti alioya in the 
temparature renge between 88 and 1273° K heve shown thet a inerease ia the 
titendua content causes a continnus inerzase in the electrics] resistence, 
ame ¢ deciaase an the Sceaeite coatficient right up to the 6 -slloys, whick 
gentsin less than 25 at. ¥b when the temperatura coefficient is negetive, 


fhe extrapoiation of isethersia electrics] resistencs-concentrs tion aginst the 
Zé 
nontent 
smuigoces of Sb ven How Cf shows that at temperatures very ciese to abselut/sere 
ay 
é ~fi nenifesta the propertive of a mek semloconducter, (14 should be noted that 
PF) & 


sileys eonteining Seca than 208 Nb ara unstable at low tem; ere tures.) 
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(2) Content of Hb im ot %p (11) Rmperatere in cy (111) Content iu wt, %. 


Wiedius-thorion, The eyeten of cliten-itorien wes studied in works /L22, b23/. 
EE Ae aE IRR RTRTID ; 


The alleys were prepared by arcefusion of compacts composed of compressed thorium 
1% of inpurities, including 


ree 


(purity 99998) and nicbiws, which conteined about 


0.95% C, The fusions were performed in a neutral atmosphere in a water-cooled 


eopper crucible with the utilisation of a tungsten electrode, The ebteined 


alloys wore inves‘igated by the metallegraphic and x-ray methods of analysis, by 


vieval detersination of the fusion points, by recording of the cooling carwea, and 


POR Te yk 


by me: curements ef che electrical resistence, The resulting state diagram is shown 


in > @ plot of Fig. 75, In the region of f ethoriumeniobiua alloys the state 


diagram has a simple eutectic cheracter with a eutectic lino at 1,135°, and eutectic 
with Bf of We, The solubilities of components have not been inveatigeted im practioss ho I 

. 1934/ =, 
u ig wa do not consider the directions of Chictts™ according te whose date the addi tice i 
ot 


& cf niobium to thoriw: lowers the temperature of ite transformation from the faceq- 
contared cubie lattice te the cuble base-centered aodificetion xt 1,450 te 1,375°, 


This Lowering is releted te the sol~Dility of niebiua in the tadecentered aod len shag : ; 


ey thorius, Gneraliy speaking thia selebility is verry enall, 


Jievj-certesa, Hiebiun sartids, tee seme es tomb ise carbide, was Mved 


7 1 RONG ZS TRIOT Une HA NE ACURA OT 
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Tm 1925 Friedrich and Zitting obtained niebiwa carbide tz; the Gori th ant 


prem 


Hagsa method /425/, by reducing and carburizing the trioxide of niobiws at « 


temperature of 1,2C0-1,600°. ihe carbide contained 11.37% C, which corresponds 


| ; 
| approxim>tely to the formule MigWeCs the carbide also had a lattice stroctere. : 
i “of the NaCl type and lattice specing of L.l0 ¥ /4%/. | 
| McKenna /427/ also obtained niobium with 13,37% C by erystallising fused | 
| aluminua, which leached out of the welt on cooling, I-ray investigstion of 3 
| carbide confireed the data in /l26/ cu ite type of crystalline lattice, hover | 

the lattice s,acing turned out to be much grester, 1.4578 instead of 4,10 ie | : : 
| Specific density of carbide 7,80 g/cm? as obtained experimentally by McKenna is ! 


very close to the theoretical velus, 


t 
| 
Maurer and othera /ib6/ agsweed thet the niobiws carbide formuis is Ha, Cy . 


A similar x-ray diffraction study of niobium carbides with different earben 
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contant waa conducted in 19K) by Dmanskiy /128/, who obteined cerbide ty heeting 


Rego eran 
Cl 


a alxtare of powdered nibiwe ( with a lerg adwixtucs of nisbim hydride) with 7 


Cw engin pce == 
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earbon black, Of the Ui inwstigeted cerbide speciaena containing 2.5 2 3 


wi. & fiq-L7 ot €/ of combined cavten$ 7 were prepared at 1,2007 6 by 3 


tay 
OREO ge ag er psy tee 


ib us 5 hour in @ vacuwss furnace ef @ presgzure of 0,0)-0,001 ma Ng, 


remcining & spaeimens wert brepaped i= the graphi arabe furmase in th. sissephers 
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Ss 
fane furnace in the atmosphere of carbon monoxide we in the hydroren stream at 


a temperature of 1,100-1,5008". 
the quantity of the carbon eontent attained in 2]] the specimens prepered 
by een ‘és not correspond to the feu Woe (13.47% C). the carbides had a 
tromish-grey coler, at the sane time the brown shade was brighter when tho carbon 
content in thecarbide was richer, 
At 2,500° the carburization reaction of niobium was practically complet-d in 
@ period of 1 boli, while at 1,200° after a period of 3 to h hours (evidently, 
carburization ef powders of other grain structures nececssitates different pericds 
. waa accompanied 
of holding). Carburization in an alundua furnece in the hydrogen stream mixths 
by the "burn out” of carbon, Niobiaa in the hydrogen strear of the graphite tute 
furnece vas intensely carburised by the caseoue mediug, and the CO ateosphere et 
18 
1,500° evidently remained practically neutrel, No nitration of niobium sixed with 
earbon black st thipxpense of nitrege., which was present in the grephite tube 
furnace, wee obserwed, According to Preston's x-ray pictures lines ef only ene 
phage were oresent in the mefority of cegea - of niebicu carbide phase whose ze te liis 
atoms form e face=tentared cubis lattice, Carbide ledtice apesing, screyvtinge a t 
the xeray pictures, depends o: the content of cexrben (Pig, 75). 
X-ray pictures of specimens containing 6.4 and 7.28 © Bee /35 end 37 at 3/, 
Ltenegug preswice of tee serbide lings with Bk: and b.uSo F 
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lattice spacing, whereas on the otherhend , eingl« phase calloye of these ccmpoei tions 


@ . 
ac-ording to Fig, 76, should have had lattice spacin.s af b.b36 and bhi A. 


Henee, we can conclude thet the state diagram of niobiu-cerbon allcys at 1,200° | 
possess two regions in which the same carbides exist, and are divided by a twe i 
phase region: niobius forms at 1,200° tro carbides of diffarent composition, but f 


with exactly the same arrsngement of metallic atoms, The first of these carbides, ar 
containing 33 at $C was designated “y foraula M,C or Mb,C, the second, containing 


between Ll and 48 2 C was desigia’ad by formula WbC or Wd, Coo 
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Fig, 75 Lattice spacing of niobim carbide (according to Umawkiy} 
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phase r- gion of theniotiw diagram, 
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ehowed two phases, however the x-ray pictures taken efter annealing at 1,800, : 
showed only the presence of carbide lines with e lattice spacing of 4.439 g, which 
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is ip rood agreement with the length aR =f(c), Thos the break in the single 182 
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distrivution of atoms on the planes (100) ef each a crystal/. If cerbides containing 
small smounts of carbon represented ecluticns of nicbive in alobian carbide Wh, 
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gemieriad on the basis of the displacement typ: of structure, then their lettics 
spacing should increase with decraasing content cf carbon, whereas in reality 
the lattice spacing decreases, Kerce, it ig necessary te assume thei in the crystel 
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lattice niobium carbides containing accel) emounta of carbon there ars vecaat 
(in comparison to the ideal NEC lattice, depicted in Mg. 77, «) sites, This 
assumption is confirmed in compaurisom of the x-ray data analysis enc in seagurements 
of dencity of the carbids specimens with 2.5, 6,8 end 10,48 C and with lattice 
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“ 5 * 5 + Bi Sone _ Foy er en = ids . <4 f = 
af ¢ houre, ije., enaliogons to theoperetion ef sbtaining eC in work /E3G/, TAOS 


the rontdent of carbon combined witS carhide d4i8 ne 


in reducing Woy0, in vectes sf a tamparstore sf 1.MEMEE LSS in seeume 
“3 


x Fs BoA z 


Fareed 
. ee 
= ae 
= = 
ay 32> 
ae 2 F 
i 
= _ sya So — — va 


Me nee in: we eimmpaas 
‘ faire, 


| 


ine Soy 


r’ 


Sed nee Ut ee 


OME tage pags 


PANES Migs CUS Reg one 


ated EAA Rey 


om 4 


Table 35 


Densities of Nictim Cerbide Specimens wits Different Contents ef Sardes 
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(2) Carbon contents (12) vt. $7 (112) at Sy (27) messured censity g/on*s 


(¥) Caleviated density; (V1) it wes assumed thet there were want sites in 


the latvice (Fig. 77, b)s (VL1) it wes acsumed thet ths carbes atoms were 


displaced ty nivbiwn atom: (Piz. 77 «) 
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for periode of two howrs each ‘ime, the roasting of Wh4+NoC powder aixtures 


wera performed in the graphite tube veccum furnace threes times, alec fer periods i 
of 2 hours each time, X-ray investigetion of these specimens containing frax 


0.68 to 11,108 C showed the presence of twe phases - WbpC and EC, 
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The phase diagray of the systen Nb-C is shom in Pig. 78, 
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Fige Gi. Daagrem of the ayatem aicbiun-skronium ( vesoriing te VY. I. Yeromsnko, 
& Vo Zudtiove end i, de Osyevaktya) 
{3) Tewpersture ia %e, {22} Se content ia wee & pig 
feo the Siagten 4a of the aystem sloblum-ebromium, obteined ty Yoremenke 
emi bis cowsrkere /hil/, im principae subetantiats the reaults of Yelyutin end Funke, 
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however tae logetion of the Isttiee pointe on the diagram ie somewhat differests 
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Po gay | 
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in work /lh5/.. Alloy with «0,58 We wae comprised basically of Widsenstattea etrveture 


and admixture of the second phases alloy with 5.1% alee had two phases, while alley 


with 12.9% Wo had only one phase. Litton /kL6/ prepared alleys of sirconium containing ! 
2.5 ts 27.52% Wo by vacuum fusion in grephite crucibles and obtained the yield point 
valuee of fiat confaining 0.63 5.0 and 12,7% Nb, which at 649° are respectively | 

equal to 66, 58, and 73 g/m 5 this according to Pfeil is explained by the fact | 


the: adebiun lowers the transformstion temperature of sirconiun, Alloys of Zr 
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The arc fusion of sirconius and niobium (ef high purity) in a water eceled 
copper crucible (im argon atmosphere) in work /lhG/, produced ean aie of girecnien . 
with 18 at % We, which deforms very eastly at roaa temy retureg and ite dofermatiag 
and annealing structu ~s were otedied, This ae whic! poesseses ‘ body ten tered 
cubic lattice structunm, bas a structare which ia very commen to seek a type of 
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of the temperature coefficient of electrical resistence, dilatonstr:c, x-ray and 

metallog-aphic etudies, the stste diagram of the system shown in Fig. 62 was ath 
pt 


: 0.58 C were weed for the propuretion of the alleys, Allee woro cbteised ty the 
| According to this diagram there is tota] mutual solvbility of J- sirconium 


and niobium below the solidus line, which represerts a sloping curve having a 
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niniaun near the 22% Nb content at a temperature of 1,70 . Purther cooling 4 
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containing ecwixturee ere prevent in nitrogen, 
Kinétice of the process of nitration ef tentalum were studied in the work 
ef Galbransen /337/, 

During <ia nitration of a metal by oraonta /1:52/ et 8D to 900", end holding 
fer a pericd of 5 to 18 hours, the content of nitrogen in nitride ettezined only 
a 6.12%, and only week lines relisted to TRN were discovered on xu-rey photographs, 

When this product was heated in vacnum st 2,000" it lost a portion of nitrejutis 
by transforming into the nitride Teo¥ with 2,6% %, During prolonged beating ia 
vacuum there is also an eppearance of the tentelum iins, which pointe te the 
further decomposition of the nitride, 

"fants las nitride asy alae be obieined By practoi® tion ef the sescsces 


phase (mixture of Tall, w By¢ Aa)» hewover here, Te, which ia reduced by Bodregee 


fron fetlc, precipita 


- % < We be cs #.. a 43. idee 2 ee 
4¢ 48 better te perfors the sitra 


‘ ef ae = 7 oh, at S Ses 
SS 2@ 3852 RE. RREE tes 3 3 . $_o3.83 z 
ie: ere tare aes ihe oe age < x , S83 


aa o a ¢ 4 ene — ; a4 4 "3 a ee ey * a Oo one Ee — 


> ahd abe ond il sigs is 
: a5. : 


= 
Lae 


Tete! 


ro 


1 meine ae 


Re chabatp tai 


PSR, Sate beige ee OP OES TY 
i . ‘ a Poo 8 5 Ma +4 2 as % : ° . a ; ; . 


ERPs at < oS Ae ‘s fs ot q 
ee 7 . : . B2o . - 
9S 4 tercugh aray st2hy ef the vyotea we coudasted ty Sekc-derg W61/, 


. 
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cf nitrogen, In this system he discovered four intermetallic pasees: 4 (Tall 0.05)" 
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in the, -phase the positions of the tantalum atoms ia the cuble lattioe 
differ very little from the positions ia the face-csntered cubis latties of Fo 


pure tantelua (. phase). This superstrusturel phase has a lattice ezacing of cS 
a: 3.369 I, wrersas pure tantalum has @ #pacin< of 3.312 L 

_ scmpoai tion the *- phase reseable very cloasly the nitride of Ta Me : 
It is a slessical example of a nitride, foraed cimilar to the isterstitial . r 
pase 2 ; with the metal (cea arrenged is a densely paced bem gona) isttias, 
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were obtained by heating Tall goa a a teuperature of 1,500, 
vailo alloys vite a still lover eonteat of aitreges ia the mixture of Tally Ta 
were heeted for a peried of 8 hours 2 temperature of 1,900" in high vosuum, 
fvo aiteide puasos of Taf and Tail vere discovered ia thio wrk, Tee 
éGetermixetion of the Tall structure gave resuits, which completely coinsided 
wits the Sehonberg date. The ahorsest interatomic distunces is Sante tus 
comprised 2.905 2.99 amd 3.33 Bi, and the distances Ta-W ecaprised 2,08 oF 
2259 kis Tne homogeneity recion of this phase is very smll Seceuse the alley 
Ta tig, 98 aiready contains tae lowest aitride Taf. Tas region of homogenity 
possesaed by this nitrids reages from Tally 13 to Tey 50 ( tasteed of Tal, 40 


to Tad, | h5 aseording t Sehoaborg). Atoudot tentaine form the densest hexagoaal 


pecking with positions O00, 1/3, 2/9, aaa * A, 


Fige Si. Pease idagram x the epetes tao & lm-ed temgen. 
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S296 $7 a fa? /aS4/ Tae eleotries) resistinee esceriing te the dt: of 
Sexsenor f4S7/ comprised about 1,650 stetebivbenc. ome 
With reapest to chonioalpropartios the nitrides of tantalus are 
similer ‘wo seafntal ite tanat lum The sane ea teatalim , teay reset 
astively to the aixture of hydrofluoric end aitrie aside, woile nyfroehloris 
oad aaa 
ané sitic aeida save ao effect op sam, The nigszest sitrida in tas : 
state is not decomposed by the aizture of 1C1+5#0,.Tke action of bet 
eopsentreted suifurie aeid for prolcaged periade of tims dissolves oaly 
traces of nitrides. At srerege temperatures Tak sad Te.9 are sore reaistast 


As Tegy ew 


t@ the astics of czygee thes is terteloas. ® aS Gan talum and ita 


Rnirides are oxidised ue to Ta Op shes they ate roeatad forse short partai 
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4a > oie ia Zz 8 2 iw % a - z Fa 
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The study of the alleys ef this system were carrie? out net long ago by 


Qiasev, Mal'tsev end Chistyakew /459/ em specizens prepared from pore eluninus 
and tan‘alua, which conteined 99.5% Te, 0.2% We, 4,18 Al and 0.2% of other ixpuri ties. 


The basic alloy contained 5.15% Te and was diluted te alloys containing fran 


@&0.1% tc 2.5% te, which were investigeted in the work, The alloys were subjected 
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to homorenisation for a period of a we-k e¢ = tamperture of 500° snd then to 
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subsequent step-wise annealing 2t 630-580-50-10"700 for a period of 10 hours 
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Miere- ant mscrenardaess (Figs &) weve seecured . end the dlagran of 
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the state (Fige &) rie is alusimm content wo ecastrusted, 

Additions of 0.40 te 6,200 ‘Tr .o alumisem caused strong palveriastion 
of the greis in thdeolid solution (from 5 to 10 grains/en* in sluminas and 
up to 150-150 grains/em’ is alloys containing from 0.10 to 6120 £ Ta), 
which points to ths modify’nog ection of the tantrlum sfterehs feo, 
valor aptarting toehuts) ized ia thaproduction of aluminum elloys /60/ (see 
she ide 

The microharisess of the chemical composition of ALT. waa ¢9%- blished 

be 


to’equal to hk0-450 xg/en® { agcording to data /453/ - this is e lower vaiuel 


In wor’ /358/ alloys of Ta-al were prepared by the introdustica of 9&¢ 


tantalum powier inte ovarteats4 Siu aud up we g temper ture of 1,20" _ 240 
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> Tusaluaotermn, the syeten waa atedivé with xerays by Kiessling /h62/, ho 


discovered Govlid solution of beren ta tenteslmm snd fow boren phases which he celled 
A. 9% 5nd f-phaces, The solubiiliy of. ooron in the teutalue lattice iz low, however, 
in gencrel it ia bigher then in the other transition ete subgroups 1Va, Va, and Via 
of the veriodic systes, I¢ has been established thet the phase (TeB.} ‘> homogeneous 
in the reriun starting from $1 te 72 at & B (TOE, 3g7TB, 27) ‘ic is iaonorphocs 

ts other metal diberides of ths lva and Ya groupe. This is the only pheae of the 
syster Te-B which is stshie within wide range of trupsrature- atatting from lew 
__ fem erates up to the point of fusicr (3,100°), TeB> hea a hexagonal lattice with 

a isttice sracing of 4° 3.057 Fy e =3,292 R; e/a 1,078; micrchardnesa {2%} equal 
te 2,537 s/n’, specific electrics] resistence equal to 68 meohw .ca, er fa 


fymed free the eiements wilh sn eyolutien of 52 kcal/mole, Deta on the orepertias 


co @& other oorides ef tantelee ora given in work /L463/, 


Tah, is much more stable againe< the estion of acida than’ d 
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tantalum hyd-ids by utilising e tantelwe plaie ax the eathode during the 


electrolysis of sulfarie acid, 
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At 2 proseure of 1 at, and reom temperaturs tantalum dissolves up w 6,12 wt, 


camera nee “Re RAMA ACSIA R ay. = 


$% of H, which corresrendsto ths ratio of H/fa: 0.8 This solubility drope sherply 


with increasing te-pereture - at 2,000° and under a pressure of ] at, the ratio of 


be 
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H/Ta - 0.93, The solubility of hydrogen in tontalum decreases also with decreasing i 
pressure fubh, L67/. Roasting of tantslum saturated in hydrogen in a veceum e¢ 
1,000° leeds to the complete slimination ef h, drogen. 

Hage /LSF/ made an xeray study of the system tantelumchydregen, He discevered 
that tantalua dissolves at 600° 12 at £ Ny and besides that, forms two hydridess : : 
Tao ( phase) with 2 hexagonal close packed lattice of metslite ators ( 8 = 3.09% re : 


e 
oc: 4,923 Ay ¢fe 21,591) and TRE --ptese /266-L7 at £ H/ with e oriexisl] Pecan 


be examine’ es e slightly deformed bady-centered lattice with letiice spacings 
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and Zahl practically coincide with the results of Eoriecwa /170/, whe ales found 


thet tenialum hydrids rossesses a body-centerad eubic lattice with a iattics 
sracing 0” 3.h0 &, Borisova was unable to obtain hexagonal hydride, However, 
ever from the dats /L50/ the Teo! hydride dose not have a hexagonal , but # cab’~ 


latiicn, and ig homogeneo:s for s wide renre of hydreren content . in this work 


ts: alum hycride wes obta’ned by heating -tantelum powder (99.9% pure) with a i 
G 
girie’ly :redeternined quartity of hydrogen at 800, 


The vork of Sreser and Herman /1h7/ on the investications of tre same syatemy ‘ 
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and also of the system Te-L, conductet on specimens of allovs which were : | 
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ooteined ty nydrorenstion with deuterium of tartalum sheet (which initially 
hed all cases revoved in ® a vacuum at ma tempera ure of 1,000°), arrea with ; | 
tre Geta of Hsrg and Borisova, if we evrluete the data fror the point of view 


of affeinine Qa rhoubie hrorida, 
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Gulbranses and Andrewe /365/ established het the reaction of the 


formtion of hydride starts at 340° end that the rate of absorption of hydrogen 


* 
Fapidly increases up to 460 . above this tempersture there is « seperstion of 


hydrogen , apparently connected with deeompositios of hydride, which is staples 
oem « 
only et low temperatures, Above 539° there is agein ebsorption of ayirogen 


with the foneation of new hydride ( up to 643°). 


Hydrides of tanta lus Tat and TeH ere usually obtained by the tre tesnt 


of tantalum powler with a strictly predetermine! amount of hyjrocen at 
809 to G00°s, Tantalum hydride may be also obtained by reducing Ta, wh th 


ealciua pydride ( see page 134). 


X& te noted that tantalue ia =< poor filter of bydrogem ewon af 4 pressure 


of atu / Tl’. 


Tantelua-tungaten. According te the date im /&5, 120, 367, 456/, tentelur 


aolid aolutonds 


forms with tuugelen . continous series of 


The yaristion of the lattices apating of the nLioys is shown im Figs OT. 
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Tae alloy of ueh a composition and with a density of 16.9 g/em ani temperature 
of .usion 3.4007 50°% ie prepared by nuit by sintering fia vacuum of compressed 
gchar compe ta. 

Comparative tests on segs of wires spesimens made of Te ami @ of the above 
specifie!) alloy 0.361 am in diemter and about 36 Ss in length at « temperature 
of 2,400-2,590°K showed that the wire made of tentelum eogs under itsovs veight 
twice a3 auch as thewire wade af out of theelloy. Therm~eniasion properties «o> 
the ellcy have a complex depenience on tuctemperature. If thefilament isheated 

3 
te te. .peruture not above 2,200° K fer a period of one our, them at lower 
tem eraturas the elstronic emission of the alloy is slightly lower thea that 
of t.ntalumIn tige it increases at the rete, which ia depenient on the temperatures 


poten , &% 


thus, “e filement heated up to 1,800°% the ealasion incresses by 165 to 52 

(ka deste with t ntelum) after 1,200 kourgs. At 2,000° K the emiasion 
intseasesa “y 50% in comparison to the emiasion of tent- lum after 660 soures It 
shoaja hb: noteh thet tantalum diffuses from the alloy to themurfece of the wit 


wig hentead up to bigh temveratures, The work recomendea thet thie etic he 


at for evids of generater lagpes for e corre seonding therwal trea iaamt ef the 


od PP s SPOORUARE Rk a Oytencets aii aati xt RO CNG, MANOR REO se! ROG Op I wR ES BO -9 ee 


Hiprleiitgnel Bigs « 


, " GaSe 
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Certain properties of Ta-W alloys ere shown in Fig. 66 /472/, from ubich 
1% fellows that tadedai tion of 106 W to tentalua greatly strengthens the alloy 


and hangers its trestmnt at roow senpersture (even -¢ 500°), 


% FootaotesSee page 31 for properties of Tall, See page AT for -2.apziieation of 


tantalum hydride in soldering of silisac cc 
, Beferning thshiloy aleo greatly onhancodt ts otrongth, especially when the 
: degree *g phe ie between 20 to 30% Additions of tentelya to tungstes | i 
| else greatly increase ite electricalresistance o for instance, addition of 3.7% 
. , 


fa izeroassa the electrical] reaistense of tungsten by 30 to 408, 
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1) is the electrical resistance; 7} is the tensile strengths 3) is the streinz 


L) is the hardness, 
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(1) Hardness, kg/m” s (322) EXectrical resistance, ohs , cm 10° (112) Yield 


point during tension, kg/mm’; {1V) atvein in 25am, %; (V) Alloying element in at %, 
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Konstantinoy and Mosherikew st:dled certain properties of alloys containing 3 


& 
vp MM 10 at £ Wand prepered by vacuum sintering ef moldings, compressed 


oop 


from power mixtures of tungsten (reduced by hydrogen from i Ww) and tantelua, 
which wae outained by sodiua thermic reduction of EoTaFs. 

The formation of the selid solution of tungsten in tuntal:a sterts at a ’ 
atx tempera ture of 1,250" and ende at 1,500°, after which sintering tekes place 
of the already formed goiid solution with the resulting dese homogeneous alloys 
at 2,500.2,700°, 

fhe shrinkage of sintered scidings at tempers tures between 7,400 te 2,870" 
decreases with incrwasing content of tungsten (Fig, 87}, the herdmese (Pig, 38, 
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azlectrical resistence, and the strength of the allers, increase with inctessing 
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Fize 87. Shrinkage of moldings 
made of Ta-d alloys during sintering. 


(1) cress section shrinkegs during 
a@interings 2 
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Fig. 86. Tho effecs of additions of 
tungsten oa theardnes (Vickers) 
and microbardness of anzesied alloys 
of Taqds 
1) igthe mic. “hardness, 2) is thelha rine se 
according to Vickers. 


(2) Hardness, kefma*; (121) Content im at % 
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In defforense te the data obtained by Mayers it vas eetablished tuat the alloy 
te o7e$% W sem be very well cold rolled asd eol4 draw, Corrosion teats parformed 


on plates of alloys b0. 200.1 mm. gave the results shove in tadle 3%. 
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Corrosion resistease of alloys Ta-¥ . 4 
(4uration of teat 126 nours) : 
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(1) alloy sompoaitdong (11) fuming MEE HO.; (LLL) Loess in weight in aha’. Roe 5 


; 
. (L¥) 55% HNO, at 200°; (F) 53 HEL at 2007, E(FL) 92% BASO, af 200", 
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(¥11) alloy ; (VULL) Sissolress OX) piuspi gn dagotes isoteene ia weight 
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geruaniue geva the discovery /S7i/ of tee voupuend Tale, vita tho CrSi, tyze ef 
structure and lattice spacing of a =’.968 2, 0 =6.757 2. 

Tantal ua-iron. Ascordiag to Yever /473/ in the system Te-Fo there is a locked 
“field RCC ee ae re to 4. 25K. ta vork /ATé/ 
it ia shows that the ,/-solid solution of testalem ia iron (6-108 Ta) forms 6 
compound Feta (760426 Ta) , voich mabte at 1,700", end a sateatic containing ebout 
50% Ta and baving a fusion temperature of 1,400°, Tie compound Sofa hes a beccgoans 
crystalliss lattice structure 

A more detailed investigetion of tho system was performed ty Gomiere ead 
Harrison /75/ wae used electrolytie iron (99. 6% Te) sad 98 ferck® tanta) we 

fue alloye ware obteinad by vecuwmm fusios porunties erusibies by Bign Psouerg 
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Fig. Zl. S-stion of the diagram tentalum-iroa im the region of the allor- 
whieh are riek da iros 
1) Temperature, °C; (11) Tastalums content ia % 
The initisl etate diagram of the system Fa-Ta is shove in Fig, 3, 

According to (875/ the compound Fe.Ta and not TeTa exiats in the systen, 


ascording to the cameia te Fig. Ji 4apists om @ magnified seale the ragios of 


alicys which are Figk isa imme, 
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a On thefusi bility ~urve thacte is a outestie poist, sorrespesding te 

10 at % Te at a tom oreture between 3,405 aad 1,410°. Tae -_ies*ie is formed 

by the solid solution of tastalum in irus ead ty theohe mi ee compound YeTe of by 

tne solid solutioe of ifon is FeTa. The existance of the compound FeoTa, discovered 


in work /475/, Nemilow and Yoronow did not ecafirm 


In the region of the solid solution /0-2.1 st. Ta/ the hardness of the eliays 


of 
tempered from 650° increases from o7@i tc 107 H,, while those temparst frum 


1,100° from & to 178 B,, and annealed from 5é (pure irom) up to 9760 Bis 


Tae slectricel resistivity . Wien the tanstalum content is increased up te 
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Of a 5029 Ag b bofZ ARC 3005 A. Ite x-ray density is 15.8 g/m, amagm the 


pycnomtric density ia 15.5 g/m. At 17 et Z of 0, the Ta20, phase is observed. 


The existence of the intermediate phases between Ta and Tagce accorniing to 


in a particular ca 


se the 
tee author ie doubtful, m : 


mxthe *dioxide’ ectually represents a 


SR ad eS 


mixture of oxides of Te,0 378,90 
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The X-ray investigation of the system, sonducted >y Schénberg /51/, waa carrieé 
out on pouikes made by oxidizing tantalus or tantalum power in hydrogen et 600- 
500° for e period of frow 1 hour to 2 days, by oxidation of carbides and. nitrides of 
tantalum under the same candtetense by the oxidation of tentelus carbide in essoniue 
at 1,100° from 1 ee 6 hours, by the oxidetion of tantalum power by oxygen from sine 
oxide at 700° and, finelly, by the reduction of Ta20, by carton black at 1,5¢0° for 
a period of 2 hours. 

Six phases were revealed: the x-phase, & solid solution of oxygen in tantalua; 
the ® phase, Ta,0; the ere Ta; the §-phase, Te0z; the €-phase, Tad, 
(2° x6 265); amt the t ophase,” Taz05e 

The saicniaaey iiait of oxygen in tantalum is -~ 5 at.%, whish eorreagonds te 
the iicecase in the lattics cpaciny from ° 77" A (pure tentalum) ts 92,941 A. 

Tre %@-pnease haa a rhombic lattice with a hamogenous region, rithia whose 
boundaries the spacings vary fros a 7.194 4, 6 3266 a, ami o@ 3,204 & te 
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a = 7.235 Ag b= 3.273 A, Md @ = 3.216 A. The oxice Tao is analogous to 


the oxfae Wo .15-0.25° of : oe 
The ¥-phase bes a lattice of the NaCl tyne sith » spacing varying frau 


‘j 
BRR woud tO 4ok 39 A. The elamentary celi has 12 atouw Ta ana 6 atom, 0, 


with distances Ta-Ta m 5-15 A and 0-0 = 2.22 a. TO is aprlogous to other 


oxides with eneCl lattice (TIO, W, KtO, ete.)e 


: tue &-pnase bas a hexagonal lsttice with a = 4.709 A, ¢ — 3.055 A, and 
c/a se ©6523 the -ray gensity = 1G.41, ad the pychoustric 9.95 fee 


‘Ine distance 0-0 = 2.624 A, Ta - © = 2,02 he 


: AT: ion in the lattice Ta, can be rephacea by Ti and V ions with the 


for.ation of  elic solutions (To, TL), ana (To, VO> om heeting above 1,800" 


: ina 303 crucible, The solution of Gm onyger in tuutalum exerts « great 
effect o1 its uehanicel ,roperties. This effect was studied nost thoroughly 
. in the paper of Gebdfardt end ireisendsat /478/, which qume also tuskime ret 


daenrtor, ens hey 


referres to sews we investigations. The results of their measure gente 
are goosented in Fig. 92. Fi, ure 93 shows the wariations in the aagnetio 


susceptibibity of tantalum, lineerly diminishing with the solution of oxygea 
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Pig. 92. Modulus of elestiet ty (1), Viekere hardness (2), 


tensile strength (3), amd elongation of alloys of tentelun vith 


oxygen (&)« 


a) Vickers hardness (2 kg), 30 sec, kg jem 


Rupture 2 : 
bd) tMametgin strength , <g/aa' elongetia, % 
e) modulus of elasticity, kg fu” 

4} Oxygen content, 4 (atomic). 
Reema © 
Fige Ojo magnetic susceptibility of alloys of tantalum with oxygen. 
ml) ogeific magnetic susceptibisity of Ta, wes? /5 
b) Oxygen content, $ (etamie). 
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: 4 sheze ebnage in buxépsse at 2.9-9 of .£ ef Ta, ae walk as the 4) 
| i t 
eleetrieal resistence moasurct ty ths aaso authors in their fosmer vwosks, leads eS 
te tho sorsiueica om the boundary of tha solubility vegios of oxygen in tastalus 86/222 eh 
St voom teuperalure is 2.9 at.%, whieh is eleser to the data of Schoaberg =. 
£5 a@.£/ than to the Gata of Vasilevekiy /17.9 at.%/ at room seaperature/.” 
iuerveaged exyges soatent in tamtaizn, is addition te reisiag the haxdinece 
(from 38 to 630 chat) ae reducing ths mechanieal properties (the sedelus of 
, @laatisity rises frau 18,100 to 19,690 ke /mn”) also causes substantiel decrease 
4 im the sormogiom resissanse, es followa, for exemple, from the graph in Fig. 95. ; 
4 
abheowing tha variations ia ths serresion resistance te 408 BF at room tonpersture, e 
decesdiag on expgem epatent ia tasteless ané ths duration of sorresion. B 
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* aki thaws data ere presented for normal soaditions; the onyges ene ont ; 


imercasas wits rising taeperaturce (Fig. 363. 
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Fig. 95. Resistence of alloys of tantalum vith exygen te sarresian by ! 


AQb-m (at 20°). 
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&) Weight deeresse, £5 &) Comrceion duration, hourge 
K'o Ting-out { S79 itnvestiqnted im de.ail the viasceity in solid 


interstitial solutions sf caygoa in teptalan end estabdlisued thet the preoenes 
ef -~resa (amelegow to cardan) causes the appearence of om iaternel frietiaa 
peak at a temporsture of 156-170" (rig. 93). Cm ineressing the oxygen sontant 


in tumtalum the internei friction peak abifts te the region of higher texperatures. 
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The intermal friction posks are zonmected with the disturbdiag effect of oxygen 
stems mm the tantaluw le¢tice; the seek shift om cising temperatures ie explained 
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aéeoiain; to ang /986/ the energy ef | asti vatiog) éuring the diffusion 


, seel/asle, 
of ox, g7n inte tantalum amounts te 27.3 tava eoerecs acceraim, to nef. /480/ 


to 26,7 scal/mole; od incraesing the oxy,cn content fro 0 to 1.1L the hardcess 
rises froa 6. to 260 kg/m. 

Auarews/udl/ indicates that for tLe eliuinetion of ox, gen Cram ita sclia 
solution in ta:talua it is necessary to haat iL @ Yacuus at 2, 200-7, 300°. 

2cht -e90@it. A part of the phase diayran of tae syste hes bean 
discussed 1i, the pa,er /j68/. The compouna co,Te, (Costa, accoraing te Later 
data by Yallbaue /389/), with a melting point of 1,530°, forming a eutectic 
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‘ 2 YY ie semple 
Bite The type 614 strustur (iaectieoal 


r-uion of bomogensity ens « 


Stuctur2 of the oorides Ta 8, ro 34 ete.) hag lattice epacings a - bela, bs 
2. 
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Resiutemes te oxidation inereseco seaireky with increase ailiess sentent to 
70-9 at.% (Fige 98). Cu oxidiaing, as epesiacas Se eovered vith a five glass- 
like fils come iat ing of 3105 with tentalom pontexide @issolved ia it, or the 
eutectic TeSig Bi protesting the specinens irae farther oxidaticn. 

All alloys of the aystes fa-Si are brittle oni san be worked osly by abrasies 


or by the electric-are methad, Their high heat resistanee makes it baziealily peesible 


te use {¢ in e onmposition of spesiel alleys together with the silieides of cther 
wotals. 
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from powders and by enoir Yeray and motallegreyhie amiyess ecsfined the 
conclusions of Bolton (ase Fige 67). 


A more deteiled investigetion into the systes wae ecadusted ia tao paper 


we: MRS # RRR 


/E5f with the use of powders of 99.95% Ho md 99.908 Ta. The samo paper gives 


aad 


a review of precomiing preparatory studise of thir systen /k72 end 3f6/. The 


eanaggidn, ghee ps ase oT 
Seer ed 


alloys were mada by th: cowder metallurgical " thed, the mixing ef pougera, the 


proesing of the mixtures, and ths sizvering Gf cae Jompeste for a period ae } 
4 Seng : ‘ 
24 hours at 1,500° ia a vucuss 10" ua Mg for sileys saggh in Te contest end : 


at 1,850° for alloya t 9: (2% eoutexs. Some of the allaye were ciso mate ay 


> 
ts 
- $ 
i 
; 
‘Ve RIDIN 
3 


Figo $e ideticn sale see of tantalum-stlies sliegs fe ai¥e 4 


a ae faa . ee ones 
a} Weight shange, g/es ee ee ee La 


’ 
eae segptigtniety septa wags Peoty se 


= 
8 Pan 
Pan ca 
e ae 
BE: ¥ 
fe < 
as E. 
PRINTS ATTY TS ¥ G 
. ? 
* 


Pig, G35 Bifeet of tsatelus am siaiztases ae FY 


of alleys sosealed st differers Meagerstarns.. 


- LRES ELEY pre gere - 


23 Bay Weed =, lowl 30 Bg 3) aunseliag Stepamemete, “BS 


wagnbos: rani none 


pel EOS NR SE. EPO ETT A le any 
eaten peng are mmm TR seem treme INTE Cae ee ee , noe a “s 
pn-h56 soe qia)o signa 


: weiting 43. a ergon otupejbere iz a ere fursece compacts waish hea been 
- preprecced ond eintere? ine vaca: (107) se Hg) 0 2,500" wed Role for 2 hours, 
| 1a te ayspen ” 


Zaorsy opi ussaiiaere kis ms ecafizmed tne preceme fof &@ sontiaucus series 


ef solic celutions wth ayesing linearly varying from 3.1405 4 (mlytdenum) 


p 
; 
: 


to 2.297, A itenteleus}. The dsasity of the allove -erias prectiea@ ly edditively 


napares: 


from 10.17 g/es? (Mo) to 16,6 g/ae (Tel, 


pointe 
The welting semupaiag 


established pyrametrically arus 


raltiog poiat eae. (figurce) 


ee ae 


at: Fe ¢ 
Tantelima content, H-<hsoeartedes -« (igures) 


» A@eixtures of tantalum to »“Ry' degus in quaatitaes of from 0.95 to & 

; acetwhet inereage the resrystallizetion tespereture /487/. 

| : 
Figure 9) show: the dependence of the erapertieg of alluys Pade os the " 
j | 

soupusition, eseordiag to Mayers. ar iseverse (2 aolybdéaoum soutent to 108 £2 


: tear ihe 
: sousidsrably raises tae hardness, *he sowrma/st veng*h, enc @lecwisek resis tanse 


ade 


of slley2 sthah alimiteseausly diminishing elon abies « 


She herduces of aligya at ei ates tencereaed 16 Bot, atearicrg 36 


TR oth ak Sa i alec dial 


(i 02/, 19 Fix. GG, Alloys coutaledag ove Shae 406 jotcuie) Bo hore lex 


i ah te ace gy Sit an AB ou Ley Be 
WOLF RT AST tBiss ae Re 


amy ye TRA 


& 
' 
&, 
¥ 
x 
>: 
¥ 


, A, wing ATER EGE TR SL MRS ERNE FS aes ERTS 
- ai’ ee °° RB RE ahr te Se eee se So eitng 
7 tition RE annnven, SRR. a a Rcantalbitsslaenee Bas : 
sare MR 


coo ca “a aio aa Cee tr pene wocaer cpp es op OT ay ae 
Hoi b56 200 (13) 
is 
aLleys af the system Te-Mo are corrosion resistent which/fcrtunataly 


coubines with their fuproved acchenical strength. The elongation of the alleys 


diwinishea depending om the degree of strain, especisliy % 26s 
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According to reports /L87 and 489/ conaiderable quantities 
- 302) Of tantalus can dissolve in solid nickel, forming adioys with a very 


hich level of uachinability; the Curis point drops sharply on formation of the 


solutions (Fig, 10C). Taking into account these results as will es his ow 
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alloys Te-Ni, Terkelaen /490/ constructed a phase diacram (Fig. 100) eccording 


to which tue solubility region is assumed to be more than 304; the chemical 
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compound Nite with e@ melting point of 1,545° hes been detected i the aysten, 


GOI 


i T ‘ e* 
S os well as, evide.tly, the compound Nifa which forms garde thoodpe series 


Hie assumed,on: the besis of datecting transforustion at 1,350°, thet between 


biPe ab. Aife there 12 one mao-e phase with - tentalum content hiyher that 


Seat FE mer ge! 


ni ja (50.756 Te). an Mray asnlysis cf the phase Nite was eondusted by 


ABI 


Yellibeaum /491/ and revealed its transfaraetion et 2, 950°, A furder invrestigesion 


fundene otal iy 
inte tie “#-i4 afegres /4a92/ jwoduced resulte Bamtemilguememtoceage: in agreamen’ 


Aes ER atte 


renga ee 


with the deta by Terselsen, Gm the dissolving of tentalum in oissel ths spetd ag 


ee ag ee 


5 oa % * . =m *) £€35 zy 5 eos eet pcaeaet Fits 
ay the face-centared tubie Lattice of nigkes ineressea to 3.59, 4 01 the bouadary (23 


Bhat 


k, 
‘ 


ef gsetureticn corres onding 19 04 Ta. The Gurie pein decrassee@ #1 8a Lhe 


" 
RUHR CEO A RS Pah nae aa Rabe Nata aL eR RI PARE RAE, ATT RNS. SAR IORAIEN 6 FS OLE 


ae oy 

uy a 

an a 

™ 

5. ee 3 2% 

Ss % - : * 

5, ae ’ 
i . ee eG 

er a s 

€. * ae & 
paca ; wt 
ae = ——— Rey" donne 7 a on 


= RT TN YE IN EP ET ET I <M ES SST NEE THE PRET POT Ww Balan atade tlad 


ay 


WL 656 200 (15) 


. 


Giasolving of Ta in Hi, end the alley 228 Te is perexngnetis at room tenparature. 


There in verification of the presenes of the conpeund Faghi and am indica ti as 
of the existence of 6 second epagR compound of tine compoei tics Wifey (mat at” 
NiTa ss essumd by Terkelsen), malting ineongrueatly at 1,525°. ‘The mo) ting point 


of Nita wee seteblishad at 1.540", 


Fig. 100. Tentative diagram of the syctea tentclum-aickel cad 
varietions of the Curie ~oint (according 09 Terlelesa). 
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ie prectigit: ties wee aekieces ey anodic Gieccliustise fn am 


_ Gleohol -bydzoshloris ack: elestrelyte (9.75% 353) ecetaining 36 g ei: “io acid 
aut 5 4 tamcniva chloride with ourrcnt density 0.01 anp/ea”. an Loney stuty 
of the preeipitated phese nhowed thet 4¢ has a hezagoal lettice. The fizal 


version of the phaos diagram of the aysten Tai, according te EKornflow anf 


Pylayeva /k94/, is showa fa Fig. 103. 


The alloy of nickel with 30% Ta (according to am assumption /15°/ hardened ves. 


from 1,200-1,300° and retaining the strusture of a solid solution) posseases, 


acteming to Terkelees, high antieorrusion properties, 


Ia the work /§07/, Te-Sa allays vere prepared by melting tis 


on a layer of tantalaz powler in = soldered ep quarts tube at 1,200° and ahowed 


the formation of tho ecapousd Ta fe by = peritestis reaction between 1,200 amd 1,590". 
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According to Yerey otruetural m6. sis, the Ta,sa lettioe speting fa 
4 sae ere4 occu A, X-ray 6 dsnedtsy 8.8) Ja. 
“Blake 20), 665 usa. ie intermetallic phecs was detectea in this ayeton 
at a teu erature of 1,000° /409/- 
} i 
i Taptaluuepistipuy. A single nature) intercetallie S-phase (Tart) vas 
j detecteu 4. the aystew with spacings: @ = 9.95 dy © = 35036 A, 0/a = 9052 /udR/o 
' according to datn /495/, the alloya of tantalus ath phen platimm containing 


to 20, Ta are rcaistant to attack by acids, molten isaummbimagp potecsium hbieulfete, 


aqua revjie, and solutions of mmams ar@enic and ,4Ooe horus, 
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iavestigetions is shoun in Fig. Mie 102, md Fig. 103 show e large sesle 

portion of the diagrem in a region high in titenius eontens, The solubility of 
tentalua in g-titenium increases with dropping Vaacetace ond mmmnz§8 at 550° 

fe about 12.24, @-titenium snd tantalum form a coutinucus series of solid 
solutions, Op increasing gute tantalue enter? in Gr titeniun, the temperature 

range of erystallization gradually rises vith a simultaneous aecreese in the 

a wed -transforuation point te 600° at 70@ Ta. The lattios specings of g-iti taniue 


in ths limite of the region cf mmr bawogensity of the solid solution g-Ti-Ta 


; verieo insignificantly: from a - 2.95703 A; ¢ = iy 6834 Ay Of/a = 1.587 tor Ti to 
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The paper /500/ icvestigaten the effect of rate of oroling and tie 


Soups s 1 +94 


uortcnsi sie 
@0u~41 tidu of alleys on the temperature of the wemnumnsiag transformation by 


pers 


wwaw Of gictting osoling curves, It turned out that tie tempersture of the 


Noman ye me 


mertensitic trai sformation wes independent of the cooling rates, tut decreases 


with ingraage tentalum contenct in the slloy. 
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or the first time as early ee 1876 by Joli JM At the beginning of the 20td century 


@ interset was shown to titanium carbide with respect to teste in using it for 


2 filwentam of eseotric bulbs. However, e systematic study of thi» earbias 


bs. an pearly >0 yearsum efter the Joli ex ,eriasnats. 


Z surygers apd Beseart eostablisuned thet tantalum formes two carbidea: Tal 


mia Tal (gem ), 


‘ame ceawouifsieaticn of Ta, has @ hexagonal] compect isttice .f meteliia 


Settee Soba. or, 


atoms with the spacings: a + J.0G1 20,001 A, O = wofF 3X O.007 A, 8f/e = LedFs 


_ It dia not prove ponsible w eetabliah thes 
3 Me crystal structures of @-Ta,C3 evidently it is very aimiler to the structure 
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A sindlar investigation ef the couditions of obtaining tentalua cactd de 
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by saliker and ahoshioy /435/, The ber’. procedure for producing carbide proved 
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Kte Ting-oul /578/, by tho toreionel oscillation method, detected 


internal friction peaks whea @ ¢erbon etoms intrude into the tantelum Latties 
at tem,eratures of 150 to 350% (Pig. 106). Tos presence of thene peaxa is 


explaiued ty the excitating effect of m carbon stamp on the tantalum Latties. 


dith rising carbon content che internal friction rises at thie temperature; 


the solubility of carbon i:: tantalum cen be celculated fron heve; at a peas 


temperature of ago” 4t is equals to ~ 0,028. 
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Pig. 165. Diegrem of tantalum-aarbon (eocording to Blliadger). 
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HEL 656 
Sairnowa and Orsont, wee investigated the structure and bourderise of 


Tae ae 


homogeneity of tantalue serbid.s /50b/ » Geese to the following coné¢lusiones 


beuntaries of hounyereity of the phase Tet corresyons to ths farumles Tey 840,02 
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to Tho 0tC.cz » LeGo, a8 pointed out by Salrnova and Oruont, @ Jele © content, 


she dste by Ellisdger potwitnstanding, corresponds to the lower and aot to the 


upper init of howogeneity of the @ -pnaege. The lattice spacings of the latter 


tery frau a> 3040) g & and © 24.996 & at the lower boumery Baz 50h 08, A 


and Cu &oGhi & At the upper boundary of the phase. 
the cerbids Ta ( y{-phese) te hosegeneow within the hinits of from 
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of TaC, iusreasse; here with the addition ef every succecdings® 0.15 C the — 
heat of reastion increnses referred to 0.) geatom of eerbon (1.0., She am 


relationship GR = fic) is neolinear). 


The paar /506/ investigated the uicroberduess and the electiteal resistivity 
of me the tantsium carbides, Te,S and Tel, ia the regions of their homgensity, 
and it wes wham shown that the electrical resistance decreesss with increased 


conteat of tae bound carbon comprising for the limit sontent of earhor iz tof 


and TaC, sespectively, 60 end 30 p vance while the sicroberdnsss riasa, 


co.peiaing for Tes6 C7, wd for Teo 1,490 ka/am 


: 
} 
cf 
: 
; 


Thie system hes been iavestigated in the paper SOPs. | 
The matal powders were mixed and wimeed into sompecte, vhich wore renelteé faz 
sm are furnsss with a sepper weter-ecoled anode sé « tantelum cathode of 
; oe 
: F,COO-4 00S” 
Gest awl heat-treated alloys wees tnwestigeied by the metheéa of a-rag 
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. Teo solubility of urmaium in tentalen omd tentelue in uranium ie very limited , 
(lees than 2% at 1,175°). The line of solidus im the syoten indicstes the 


peritectie tranoformetion st 1,125°; the asture of the peritectic reaction is 


as yet uxwlegr. 


atkbehuie-yhospborum. The first indicetions of tue interestion of tantalum 


with phosphorus at ;00° are given in ths paper /453/. The investagetious by fas 


isowor phous atste of 
swuousen ara Biltz /43h and 435/ show-4 the imeeerpeennzenet the phosphides 


of tantalum and niobium, 


Fig. 107. wviagream of the system tantalum-urenaius, 


a) leupereture, % d) Ta content,  (atonis). 
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K-ray density 11.15, ami that datermined pcnastrically, 10,03 ajo, 
Tuntelum-chrosium. The system ‘as been studied fr. thn peper /y92/ by 


o,tacal pyrosetry methoas * determining the Cems eeaee of the cog. mning of 
uwelting aud crystallization. Alloys co.teining to 5Q ta were rameltea in s). minum 
oxice boats am that with e large teutalum content ip taorium oxiu boats. anPay 
dan iieis af the elloys wes also Cmsue tess the result= ars preeeoted by the 
oric:.tatio.sal cilagtam, snown in Fig. 108, 

she soluvility of tanteluec in chromiue (which is aiffioult to menue by 


Koray brans due to the extremely insignificant expansion ao ‘he 


chrO.tuwd Lattice on dissolving) gnaunts, according to netallcugreghis anelysis, 


m5 at 100° anu ~LL-12g at the eutectic temperature (~ 1,760"). The eutectis 
GContaics sae Ta, > bdo Te the regia. of homogeneity of the eompound Gr ta, begin g 


i.c cr stil sesecruin,to microscople study reveal = corrent nexagomal fr an, 


chich ds verified b, Vere, anelieis 4givicg, tee betaponel apt situcture, 
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A later investigation /499/ cheved the presence of one mare phase in 


im lowe amd high-tenyereture nodifications. 


The low-tenperature vouifiecetion Grote hes « fece-centered cubic lattice vith 


spnakngas the eprcing @ > 6.947 Ki-unit end interatomic distances 11 the cell: 


TonC - 2,80 ca-unit, Ta-Te - 3.008 ki-uait, Cr-Cr - 2.456 ci-unit. in the 


tou pera tare Tange 13791590" there occurs toe tranaformmtion te the high- 


tem ,ereture mOul?ication with s hexa,onsl lattices of the regen, type with specings: 


& © 4oAlS a, ¢ ~ 8.Cyd @ Ka-unit, c/a = 1.637. Ascording to the authors, the 


phase vaylry ie sctually icertical to che paase Ta,Cr. 


nefecesoe /a38/ investiguted the oxidetion resistance of the allow at 
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L,25C wa showed (Fic. 50) taet 
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{u the carbon contant from 0.14 29 Ccugbe Alloys sith 1.2 apa 5.3% Te prowea to 


o- cd leephaseu, whereas with ©,7 amu lrele Ta two-phanec, at €O.5 T° this 


pies: Meeuples the vatire ares of the czans seetio. (tue C0. gGULe ae T2°), 
f.852aF ths 120;— with [bese 25 Conmiate of tr: eutectic aa up to 1Q. of the 


amsmtiz pisee of utdaritic atructure,. This peyer siso ceterci:ad the ;fela pois 


Si AAR PRE Iomany adette tae. 


of v.c rh alloyes 
Ta COL Tans, at.% eee 6.6 0.8 Jee verve 
(st 20°) 
siela point, he (ume ocese poleo £0 E72 6% 61.7 


at oe ee¢ne2e0e0080@ 7 1z 5 12-0 12.8 


aVidertly, viaiticus of Te stabilize the @-phaee, 


Livton /y.6/ prepared alloys contetping up 27.54 Te oy Tecud melting is 
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wafartunately, ne Joes not give. 


a cOuplete livestigution of the chroe diegrwm of the ayoten Ja“ has 


ek Fecently clue by Leem@l* oLov, GociL, mad Lavytyuchin soll/. dhe alloys 


“sre wxae by vere fussiwn 4 8 uiguly purified arco. of ioaiaed circonium 


(4.05. ot) as 2 tantabum etrip couestidiug Ke to, a0 Mp Cope ND av the anin 
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tsotneru) annenbing at temyeratures of o€-i, 500° with subse vent hasraening, 


the points of soiiuus were eatetlished oy visual observation of the ve, inning 


of the fusion of the apeeioena, ani the liquidus Ag poin:e ware sstahliened @ 


22°F ig the athleveuest of a dpeliige sta$e by toe alloys. 
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temperature is 16 at.f G-ir is tantalum, 175. At 790° and 7% Ta there ocours & 
vatectoidal transformation of the @-e0lid colutios. Tao soluvility of teatalam 
iu K-22 at this temperature is belew 0.98 o8.8. 


Reference /512/ investignted tae variations in the plasticity ef testalun< 


sircoaium alloys under the effect of hydroshlorie acid. at a 60” the hydresaloris 


acid has almost no sorrosive effeet om alloys of sirsceim with 5-15 wt.S fa, 


a 
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at 100° the stroagest corrosion ia observed im the oase of the alley with SZ Ta; 
with increasing tantalum sontest amd sorrosion reeistaase of tas alleys riser, 


Here, the highest degrees of brittleness is exhibited by alloys eoataiaing § caf iSg 
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Chapter Vit 


iiebdun - Nitrogen = Oxygen (Bibl. 336). The nitration of niobium pentoxide 


or ammonius oiobate by acnmonia results in the fcrmation of « phase 


with an approximate composition of NON, 9°o rc having the lattice of NaCl type 
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end the a-period varying within the rang. (272m 4.373 to 4.390 a. The oxidization 


of NON in the presence cf byrdrogen at 700° yields 


tetregonal structure and the homorceneitr range ?rom NbN. %4-2 to NY, 6° mF 
® we ° 


woiebh has its correspomicuce in the variation of 


td) @ 
Ce ye2H a amt c/a = 0.539 to awh ,386 Ay ew h.3e5 


te-mary phases nave been detected in this system. 
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{Bible 534) that tantalus and oloblim enhance the dissolvability of mrtrcgsn 


$5 these hyirides the content of cue or more aydroges atoms in tha molecule. 
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sige Sentelur) - Ivon 2 Hyipogen, It wes eateblighed in Karnsuxhoe'’s work 
in iron, due to the formation of hydrides in the mel’; Karneukhoy etiributes 


Om the other hacé, the rate cf hytrozen dissolution in a steel conteining niobium 


er santalin is tover thes in tha pure iron, inasmuch as the mobility cf hydrogen 


oe rete ee ree ms Re oe oe ene me A een ree ee 


ie 2486 lowar when a portion of hydrogen atema forms chenicel compouéa 
with vevénlun and nichiwun, 


Jagrivm = Pitanium » Nitrocen (didl. 523). The TAN - NON profile was studieé 


‘Sal si Para aM We RAC DIE 


by means of the Keray diffreetion anslysia on samples prepared vy sintering /220- 


the mixturce of TEN end NON nowders for 4 hours ab 2550° (with up to 50% (moi,) 
° wall}, or at 2575° (with a higher content of Nbil), TAN and NBN produce 


n continucus series of selid sulutions (Pig. 132}, 
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aisblum « Tunceter « Garda. accomiing t- the data provided in tha paper 
(Bibi. 515), obtained by means of the X-ray 4iffraction anslysis on s:uplas 
of alicys with NbC . # profile, which were prepared by sintering the mixture? 
of parent carbides in the grapaite tube furnace in hydrogen stream at 2600° 
(with the subsequens siteaine at texperatures from 2560 to 1400°), the niobiua 


earbide is dissolvable, to s considerable extent, in the surplus of tungsten; 


iu eddition, the dissolvability incresses rather abruptly with the teupersture 


(Fiz. 112), attaining 75% (mol.) at 200°, The dissolvability of tungsten carbide 


aii diaieell anahenahitimtemtn etmene td aE ae ooh an cc adam 


Sn niobium carbide is insignificant, but increases also with the temperature /22) 


and Fetrewa (Aibl. 516) studied the microhaniness 


inerease. Aovassnpy and Fetre 


of alloys wih the binary hbo ~ WO profile, and éiscovered a rapid decrease 


in the heriness of elloya upon edditic: of tungsten carbide to niobium carbi4e 


(Fige 113). 
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Fig. ile, Curva of dissolwabliity 


ef tungsten carbide in nafoblum sarbade. ailoyas 


eens in sig, bi: 1 + tenperasture, jagesd§ in Ply, 343s i + mlorchaniness 
a 


7 4 ae TO aaa x ‘ g 
“e, 2 « concentrations, & Gaol, } in kg/m”, 2» somtent, ¥ §.o4%.) 


queer * 


PG cP DAT RT PE ASAT SELMA IESE GMOS LENIN OT rm At Ls katy 


Fe Rasta 4 Sabb ram a le kk 


Mary Cdengiaeaer 


He 
= 
2 


gs 


oc 
oe 
4 ve 
eis 


Beem matewment a abrir lancer gE 


me oe eee 


AL a ORR siete age, + 


+ ici 


1 scuba nner nat he SERS MOE UL OURDY PS SET ERIE AO BREEN ELT UGS BEM ie Ass OMIT, Fh LILES REY Ae ER IMOOORT EE SUERTE IPOD SE 


| 
| 
| 
: 


SO INR HAE TEN I OPEL 


EOL 656/12 


nm (Bibl. 436). The alloys of chromum 


with 40% of Nb and 10% of ¥, as well as with 27% of Nb and 36% of ¥, 
aneited in the induction furnace at 2000°, turned out to be very brittle. 
Their oxidization rate at 1250° 45 appreciable; in addition, the shape 

cf oxidization ourves (Fige 114) shows the absence of protective properties 
of the oxide film. During the oxidization the weight loss eof alloys 

is consideradie (10 mgm om after 1 hour of the oxidization for the alloy 
with 27% of it and 36% ef ¥), which is caused by evaporation of: Ws, 


Froduced on the oxidization. 


Fig. ild. COxidizetion resistanee of alloys in ths smiobive-chromlum-tungs ten 


&ystems {222 
2 
Lesend in Fic, Llu: 1 - pressure decrease, um Hg/em"; 2 ~ time, min. 
A highly porous film of oxides {9 observed also oo alloys with <1% of Nb, 


457 of W an@ with 16% of Nb, 49% of ¥, prepured by aeans of the powler-metéi 


webhexi uni melting ab very high tempsraturea (upwera of 200°), 
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gen, The interactior of tentalum disilicids 


(TaSis) with nitrogen yields the teruary compound with the general forma 222 | 


‘ | 
Ta- N, os the nitrides, Ts i, a3 well ag ToN . and TaN, are in equiiibriuz 


Sax” deiy Op8ei: 9 
with this ternary compound. The preliminary constitution diagram of Tea - Si + Nos 


plotted in the paper (3ibl. 517), is shown in Fig. 115. The diagram of Nb - Si - Nz 
, \ 


system is similar to Ta-- Si - Np systen. . 


Fig. 115, Sshematie representation of the constitution diagrenm 
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of the tantalum-silicon-nitrogen syetams 


Niobium ~ Siitenn - Gaydon, The vee 3 guppeund in the Nb - 53 systen £223 
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reveals a #ife range of homogeneity in tbe presence of cerbou, The bexagonel 


ternery phase (na T.117 5.009 4; « «4,959 50.005 4}, isemorpvoue with reanes? 
to Nbot, was detecte] in the Nb-G syé Seti, 
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1. 22% of Nb ond 60% of Ni; 2. 27% of No and 50% of Ni; 3. 38% af Nb 
and 30% of Ni; 4. 4k% of Nod and 20€ of Ni; 5. 49% of No ani 10% of Ni. 


The alloys 3, 4 and 5 turned out to be extremely brittle, while alloys 1 and 2 ‘ 
were more malleable, Tnoeir melting points wers lower by 300° than nelting q 
points of similar alloys with tentalum participation. 7 
The oxidation rate of Craiby depends but little on additions of nickel. j 
: 
: - Titanium = Vas xe In the vork (3401. 515), Korniioy and Vissoy : 
stutied the fusibility curve of this system on samples of alloys in profiles : 
whico ere parallel to vanadiun-siobiun side, and with a constant titanium i 
® 2. content in each solution, viz. 106, 20, 30, 40, 55, 6C, 70, 75, 80, &, i 
; i 
: and 94% (by weisht). Tne samples were produced by sintering of compacts : i 
molded from power mixtures, Sasing on results of the thermal analyaia, 
44 was eatablisned that alloys of the sbove-indicated sazpositions constitute 
a continuous serfes of solid sclutions. 
i 
wiodiis = Titspium - Carbeg, Tae a.loys of NOC-TiC profils constitute, 
: according to the A-ray aif: tion 48a of Hovalskdy ard Unonsxdy (24bl. 519), 
| a amtinucus series of sciid solutions, their hardness, accords o the date 
fn (Bibl, $16}, ineressas almost adcitively with an increase of L1G content, 
: The crit¢lenesa cf alleya inereases in paraliel, 
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The profile of TiB, ~ NbB, was studied by Samsonoy and 1 Shee (Bibl. 521 
ane 522) by the methods of microstructural and X-ray diff. section analyses, 
as well as by meagurements of the microhaniness, electric es\etanes 
and air-oxidation resistance of samples. The maximm cf hartness (~ 3700 kg/mn) 
is located close to the composition containing 70% {:01.) of TIBo, while 
the maximum of strength in the brittle bremkdown ir shifted toward NbB, 
and constitutes 140 xe/on*, The variations of i1attice periocde and their ratios 
are insignificant; they are expressed graphi-aliy by strabsht lines 


which are nearly parallel to the axis of ccuposi tions. 


The alloy with the equimolar coutest of Be ana PB withstands best [ak 
the air oxidation, epparentivy because the stricture cf a vitreous oxide fiim, 
corresponding to the alloy of sich a comrosition, has the closes? son jugation 
of aetaleoxyzen polyngdrons, Toe increese in the weight of sacples in relation 
to the oxidization temperature is subcrdinated (in toe same wey as for individual 


bewides) to the exrousntial law, The variation in the weight cof ssuples 


: P taal ; ‘ 
es g funstion of tas duretion of oxidization at SCO” obeys ths parabolis law. 
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Fig. 117 presents also the date regarding pronerties of these solutions. 


Fig. 117. Siagran of vig - wagte systen, and some properties of alloys 


of these campaunds. 
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= Carbon - Sobalt | “Sskel). In the work (Bibl. 526), 


TI OO Ae RNR Ree eeemeee te + 


the siloys of above-indicated systems were produced by mixing the powlers Leg 
of ea rbides with iron, cobalt and aickel in warious ratios, whicn were subeequentiy 
molded and remelted in the vacuum induction furnase. The samples were anneaisd 


at 1250° and water-guenched, whereupon they were subjected to the emminstica 


by metsllographic and roentgenographic tethods. The following areas of soiid 
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the ZB, - TaB, system was stuiiel by the X-ray diffracticn method, measurement 


of the microhardness and electric resistanca, a» well as by examining 


the mierostructure, All the properties of alloys of this system are characteriatic 


for sontinuvus series cf solid solutions (Mg, 119), 
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-ieroharéness of NbC - ZrC alloys 
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aN 5 % 9 no 145 (ze) » structure of the S-phase of the Ta -N eyatem 
% ds 


6 
with ag@g2ag end smece. Ferloia: a«5.982 re e2 2.879 A and ofae0,48l. 


Ted. 965 9 0095 (z #12). superstructure of the superstructure type of B.phass 
® e 
of the Ta -N system with as2fT ag oad cacy ; 0 810.3) A, ¢ 22,864 & 


ani 0/420.277.6 


* 
tthea Cs = £3 with —~ je 
TaN, 0.56 © 0,59 - hexagonal lattice {2 396} with periods: a 5.939 A; 


& ‘ 
6 22,866 & end efa2 0.483. 


The color of oxy-nitrides varies from black (for TAy g9% 302 So reddieh 


(for Tall ), The dissolvabtlicy of nitrides {no tantalve oxides 
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wt.57 0.56 


was no. established, The sehamatie dleagram c? Ta = 1 = 0 eyatem is shown in Fig, 17], 
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Rie pagdiy en = faye Pecan e Tante iu = Nobiun = Carkegs 


Tantalus Cilicoium) . _Aivigenugn = Carbon. The course of variation in mleroharinees 


with the composition of alloya in profiles of V8 ~ Noe; Wo 


Mon ~ Nbe and 1, 


to Fig. 122. 
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of Vo,€ with 5 and 82 (mol.) of Not are very brittle, 


Tantaium - Tuasaten = Carbon. Kovslskiy ond Unenakiy (Bibi, 515) examined 
by meemz of the Zersy photography the alloys of TaC-. profile, obtained 
by sintering the mixtures of carbides in the graphite tube furnace in hydrogen 
stream at 2600° with the subsequent annealing at terperatures from 2500 - 11,00°, 
The aurve of dissolvability of JC in TaC, thus obtained, is shown in Ng. 123, /290 
Kovelskiy and Unanskiy failed to detect TadC,, compound, assuned in preceding works, 


Fig, 12) shows ths curve of cicrohardneas variation in this system (Bibl. 525). 
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Srmll additions of TaC (not exceeding 5%) to cast tungsten carbides 
(JC *,C) enrich the latter, pulverizing the ¢ ructure and increasing 


the mechanical strength, 


Tantaly: ~ Silicon ~ Carbon (Bibl. 517). The researchers detected in this 
systen a singular ternary phase with “he compositi.. of Ta, 371 C. ue 
03 3 0.5 
structure of iin,Si, and lattice perisds, a@ 7.494 £0,007 2 and ¢ = 2/2 £0,007 £ 


(Fig. 125 de 


Figs 125. Schematic tlagram of Ta-0=5i sy etente 


Apparently, this phaas has no sonspieucw region of the homogeneity. 


Tha phase density, measured by the Reray diffrection methnal, constitutes 


12,48 gafam, while thet measured by pyknameter amounts to 17.4 gafer’, 
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- }‘trogen. During the examination 


of TaN - TiN syatem in the work (Bibl, 533) the Ta-Ti alloys were prepared 
by sintering the mixtures of fine powers in a erucible from “irconiwn dioxide 
in the vacuum induction furnase. The alloys were pulverized in the mill, fe3h 
placed in corundummade analysis boats inserted {nto the porcelain tune 


ani subjected to nitration by ammonia for a fairly long time (60 brs) at goo°, 


The X-ray diffraction study of TaN-TiN alloys in various concentrations 


yielded the following reeultas 


eeate : ze o Ta T 

Farent alloy cece TBO 50 )*0.50 #85 oskto 7 0.10 45,90 

Fhases, criginating 

during nitration .esse. Ti(Ta it Tan Th (Teh @ TaN O1(TaN traces; 
of TaN 


Thus, tne dissolvability of Ta in TiN apparently exceeds 108 (mol.). 


® 
The (Ti W nitride tas a cube lattice with the period of ea 4,2h7 4, 


0690 Ueld 
by comparison with ¢94,238 a for the pure © ui {50% {atom.) of int, The patent 
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Literature contains references to the bigh nerdness of Ti~TeN siloy 


with 50% (uol,) content of each somponsat (Bibl. 534). 


na following phases were detected in the TaN-¥h systen,analyze4 in the same 
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MOL 656/1 | 
i. @o, VN phase dissolves approximately 25% (mol.) of TaN; at the som time, 


> 
the period of the subi« lattice of YN varies from as4.169 “WN ao) te 204.291 g, 
a 


Tantelun (Cra bn, Fo. Con Ni) ~ iiitrogen. The analysis of these system  /2% 
was conducted by Schoenberg (Bibl. 533), and the alloys were prepered according 
to methodes deseribed abowe, i. 2. by the nitration of alloy powers by means 
of ammoaia for 50 brs at 900°, The results of K-rey diffrestion stuly of TaN 


alloy: with nitrides of Cr, Mh, Fe, Co and Ni are summarized in the Table 37. 
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The researchers detected in Ta - Cr = \ system the ternary phases (x-phase 


in the Table 37), the x-ray picture of which hes e compisx character, The period’ 
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Table 36 
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waren «= nitrogen. The liquidus curve of the psewlobinary TaN ~ Tat 


profile 4s shown in Mig. 126 (3401. $35). It was established by means of the X-ray 
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Curing the work (Bibl, 211), sol4a solutions of TaN ~ TaC were prepared leek 


by the joint sedimentation of TaN’ ma TaC from the gaseous phase (TaClc, No 


and hyérocarbons), 


Schoenberg (Bibl. 530) examined the alloys of this profile by means 
of the LTeray diffraction analysis on sacples produced through the nitration 
by armmonis of tantaluz carbide and thrcugh carbonization of tantalua nitride 


by dry methans at 1100°, 


The diasolvebility of TaC in TaN (S a,osse of Ta - N system) 


0,5-6.90 
cou. +£tutes spproximetely 5% (atom.); st the seme time, lattice periods 
inerease sligntiy, viz. from 4°2,925 - 2.928 : and ¢ = 2,876 - 2,883 A 

(for & -phass) to 202.938 A ond ee 3.072 x (for ths alloy with the compositian 
of TaN 5 96 C35 The dissolvability of TaC in Tali is apparently very low; 


TaN practically does not dissolve in Tac, 
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All these alloys turned out to be appreciably macs orittle than elloys 
of the ccrresponding binary systems. The caidisstion rate at 1250°, daring ho 
minmates, is highest with the alloy coutadning 16% of Ns and 49% af Ta, 


and lowest with the alloy containing 27.5% af Nb anf 35% of Te; nowsvar, 


all the alloys are leas <xidation-resistant than the slloys of binary sretar 
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4 
; ' and intermetallides, orate, and Cr Nd 
S 

: Tantalus - Titanivg - Carbon. The analysis of this system wes perform 

: in the work (Biol, 536} on samples of alloys prepared by ths powiersnetal method 

t 

z frox powders of tantalum and titanium bydrides an2 carbon bisek, The compacts ; 

: fran mixtures of these powders were sintered in the vreuuc furnese 

3 

“ at she texperature of 1820° ana under the pressure of 1 + 107 om fg. : 
33 

4 ; 
3 The alloys wers atudie@ by X-ray sathod combine? with monitoring the content : 
4 i 
EY : 
: of total and free carbon. The results obtained in this work served as a taéss /235 » 


é ' 

: foy plotting the isctherniec cross section of the systex at 1820°, shown in Fig. 
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&, at this temperature, we have & phases in the system, vie. iiguid (y, Ti-angle}, 
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° 
The B-paaee with the haxagonal ¢lose packing (2 ©3.097 A snd c/a ©1.595} 


corresponds in its composition almost exactiy to RCo 


Srasbete etife., tects eens il ak ie lle 


Three binary diagrams on sides of the ternary system have 6 fields of solid 


solutions which are transformed in the ternary system in the following manner. 
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The peritestoid trensformation line, B-Ti - Ta - w-Ti - TiC, in the ternary 


system is represented by the three-phase field, “a-A-8 (Fig. 129). 
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Kovalskiy and Upaaskiy established by means of tne X-ray diffraction analyuis 
(3ibl. 519) the presence of a continuous series m  olld solutions on TaC ~ Tic 
profile, The microhardness line of TaC - Tic c_ioys (Fig. 130) cas the zaxinus 


with 20% (mol.) content of TaC (Bibl. 516). 
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Teatalun = Uranium ~ Carbon. according to deva in {Bibl. 507), at lenaet 
two ternary phases exist in Ta - U © C syr*om; one contains 57.2% (ataa.) of Ta, 
5.7% fatome) of U and 26,02 fatw.) of 6 (mr Ula, (oe ext haz a tery low ayume try 
of the erysinllic lattice, while anotner nas a cubic fsce~centered lattica 
wath tha pariod of ask. Ze The letter shase is endowed with a high melting 

in§ (#25009). The forme’ ‘cn of thia phase c.uses the dese Sonization of uranium, 


fo whieh tiora remair'; less than 0.002% of G (by weigat) upen the formation 


and 4 apienerten of this phase on the tantalum elicetrode of the electric sre furnace. 


® 
Tantalics 2 AArcont:> = ferbon. Kovelsxfy and Uanskiy demonstrated by means 

of the ¥-ray diffrestion analysis (Bibl, 519} the presence of a continucus series 

of <olfd scluticus tn 1a ~ Ze « G system on Ta ~ Z - C profile, srcording 
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‘Bible 516), the microhardness line of alloys in TaG = BOlaystem 


bas a low resin with tae . «at of 20% (mol.) of Tat in alloys (Fig. 130). 
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ones again,(Fig., 131). The oxidization rasiatance of a‘loys exeseds, within 
the range of 60 - 30% of TaSi, (by weight), the resistance of individuel 


CCBPOMsnsse . 


Fig. 131. Cxidization Resistance of CrSi, » TaSi,g Alloys 
lerend in Fir, l3i: i - change of weight, ony eur; 2 content of TISia, TeSis 


ang so,St, § (by weight}. 


Tanksium « Goromium « Nic al. tu. aystem was studied by Eubesheveki= 
ant Ehneyder (Bibl, 432) on alloys bo Bidas 


of Ni =< Or (with the contend of 19.26 
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Fig. 132. Profile Diagrem of Ta - Hi = Cr System @with 10% of Ta) 


bics 1 = temperature, °c; 2 = content of Cr, % (by weight) 


The alloys for the X-ray diffraction enalysia were heeted for 2 how's at 900° 
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with the subsequent hardening. Turing the dissolution in chromium (a# 2.878 4}, . 
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LZ of Ta and 1% of Ni, the lattice peried increases only up to 2.879 i. 
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which points to a very narrow range of tantalum and nickel dissolwability 
i 
in chromium, On the other hand, the dissolwability of tantaiwo in nickel : 
i 
@ ” 
(nickel angle of diagram} attains 20% and is accompanied by the inerease 3 
4 j : 
of nickel lattlee pericd from 3.516 to 4.550 2, se 
i 
Tne stuly of the oxidization rate of siloys indfestea that the oxidization ; 
; 1 3 
vesistanee is inheren? in alloye containing 10 - 40% of Ta, 50 ~ 80% of NE ; 
pa in fa 2 2 este ; Ke ‘ $ 
av! LO « 25% of Ce, whose melting points amoumt te 1250 ~ 1380" sof Srisell a7 
es 2, . 8 
haminesti = 550 « 300 kg/m” (ig. 193}. Jaen the tantalum eontent ineresses 1: 
ta &5 «© $68, anc the wlekel content varies accordingly fo 7h ~ SOR, while thas go 
os te [ = OE, the sclisus tempavetura of alloys isereases . Poa 
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are less resistant to oxidization; in Fig, 133 the oxidization realetance 
is marked by digits at points, which dencte ths decrenent of amplent-air preasurs 
in mm Hg during the oxidizetion of alloy samples in the closed apace, The ailoys 
containing more than 35% of Cr have s high oxidization reaistence and hardness; 
however they de not aubmit to tae working and are therefore not auitable 
for the practical use, The additions of 2% of Na, or L€ of Ce, Be, Si, Th 
end Ce, reduce ebruptiy the oxidicebility of alloys of this systex; this was 


verified co the ternary alloy wita 524 of Ta, 404 of Ni and 18% of Cr. 


The nechanical properties of alloys belonging to Ta «= Gr « Mi ays tem 


were exauined in 4e.-1] by Bueckie (Sibi. 539), 
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Siebiua Vigmdiue Carbomitrogen. According to'523\ the Hb0-WN system 
has complete mutual solubility (f1g.134),iz spite of the fant that the formation of 
these 20144 solutions is connected with difficulties gven at 2375". A section of 
HM-¥S also vepresente © contineous aaries of solid solutions forming during the 
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heating of mixture compomsats ab 25S’ o 


tigely Feieds of WENM ani BULTMG alloy lattices (8, V8} 
Miobiue-(fantalan)-Vanedim- Mreonine-Carbon, Ou the dec thereel ovetions of Sal- 
aled vesentgemographivaliy diposse Melds (fig, 


135} with maxieom content 64 of Tat and 538. Mbe S40 Alleys of these syatemas are 
Pre-wred. ty vacuum elatering of briquettes, pressed fram wixtures of proper cor bidas. 
sapering fur & yeried of 22 Bowe af 2000". 
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i The nickel peak of the tetrahedral is ed joined by « considerable une ef the fourth 
: ~014' solution gemma, zurrounied by heterophase ru,ioms being formed at a ewplne e* 
ons oF another samporent. And so,at a alobius surplus above its specifie solubility 
: ( which in tura appeara a function of the chromive and alunimm content) is separated 
@ Nig} base phaes or a phase of solid solutions based on this scapowsl (nome gemm + 
delta}. Ansiogous phase regions appears during @ surpiue of chromiun-bese chromiua : F 
{ alpba-eolid shromiun-begs solution} or an NijAl~base ehromivua solutiom ( or chranium 
base @ 144 solutions). | ; 
In thie report ware investigated the physical properties of e nuabe of tetre 7 
alioys of the ehove indicated system acoordipg to Cimensiouss I = 166 Gr and Gf 22 al 
with © contest ef fram @ to 120% Nb; If ~ 156 Gr, @ Al ani from ¢ te 12.598 Mb, TIT - li 
208 Cx, & A) and from 0 to 12.5% MBs IV ~ 90% Gr, Jor G& AL amd from 28% te Fah Mee ot 
Alleys of the Y aud IY sheresteristica are hamogernows up $0 the 7.50 BB. of fan s 
TIE group - wp to 58 Wb, Al) alloys of the IY group are hetercgexsoun. The lsat romian oa 
tance of the alloye 2t 800°, stressea of 22eh. hag sexe® ami 424 howre of test daratden bas 
bas bees epalweted tyr the time wo tf be poiset of destruation woou Seutieg,. Bre west : 
refeestory alleyve ware the cnen the compesitiens of vhick ( ty tha B% ecxteut]) sorrgae 3 
pom: to the cremsiest aome from aclsé solutiess te alleys wit. Keteregemecw a treebwcs. 
nos, wexiven heat reeistesee (epelling cesistenas) (ot stresses of 24 bglne? é 
“06 £2 the poieté of destresti aa) gee wie the siractere of Teseky dive i 
' teh Setestioss of efeee: Gkeees bavine & beskgeroumd af se Vern ted a | 
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Uiobiue-fitaniun-Carboa-Wi trogen. Teiging by Toray anta.|515| the BOT eus mganem 
represents @ sontincous seria of s0°14 solutions. Igerimexts wory mate with amples 
weepered by cour hour heating of TAH i.NBC mixtures «+ 2950° (ut 2240’ homegmalination wes 
incomplete at that time) in a graphite-tubuler furaac>. The WMT ayoten alow reveals 
@ comtinaows series of 60114 solutions (fig.134} but theizr Zarmation 4s inconplets: 
even at 2425° and is com iuied only at 2558" 
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Kiobiun(tentelua)- Titaniume Nichs1 (Cobalt)- Carbon. In the systems Bi-P-Pa~d, : 
O-PidttaS ani KicMi-db-0 syateuc. vera established #014d ¥] oar didess Hi2(*i,Me),@ : 
Od; (Pire),C and Mio (i se Wd), S, Sh2| mado © detailed evaluapion cf their eryetallee 
chamSsal properties. 
& at Bio biwe-2irconiw-—Cariion-dii trogen. (543 Has mot Succeeded in obtaining solié 
eH-EUO soluticas eves at a 2 hour heating period at 200°, (Generaiiy speaking bare 
should he expected ths formation of #0114 solutions). The remson of thia appears to be, 


epperentiy. the insufficient soaking (expoeure) time) { a rise in taexperature to adove 
ARHaROO Pat the existing operational soniitioss it wes impossible, for avaeple, for the 
silog with 50% (mol) of MbG and 593 (mol) of DEN to welt et 2606°), 
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ho} Phases y in the Tac¥-Cr-H system am a tetragomal lattice with periods alpha x 
hethig 6 » hla &, ofaipha « O-P71; since this alloy contained smali avcunte of 
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ory gen,Sheynberg assumes, .aat the y pheee is a hydroxyriteide phases 
The (Sap,9 Tip.1)7inlh, phase revealed in this investigation has a hexagiml 
Jaitise with periods aipim 2 5.027 2, 6 = 10657 R , o/alpim 2 3.492, ami the Tap 
(Teg 33 Cy 033 Big 332. He.se phase also baa 2 hexagpae) lattice with perieds alpha e 
52262 &, 2 10.33 & , o/alpha 5 20013 rated density 12.67 and the acperimentaliy 
menmared «= 12.2 s/o, | 
Tanta lue-(aiob: -2)—humgsten-Titeaiue-Cobelt-Carbos 543.54%', Alay of indicated 
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Netallographic investigation ef WC~E10-BaC-(o alloys, comtaining 2-4% Ti0, 2-K¥ 
end 5-105 Co iniiested the presence of a oemating pheve with cobsit tease ( coat 
ani ive carbide phases forming the shell of the solid alloy: alpha-phaso (WO) ani of | 
the solfé TM0-Ba6-WG solution (beta-phe.e). st much higher temperatures there appeer | 
solutions of the Ti0fa0 series. Paswlotersary isothermal sections of the WO-TiC-Pad cys, 


tem ( at 1450 anf 2200°) are shown in figelS7 @ ani b- 
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Wigel37, Phase diagran of the WC~FICPeS systems 
@ - at 1456‘; bd ~ at 2206°; mol.n. waighite 
Niobius- iroz- mangamese- nickel- chromite, According to Korai lov, 545 the adiie 
tion of 308 Fa, 206 Gr, 40% Bi, 108 My. ani from 0 to 1% Nb ( at ite maximise colub= 
dlity in the alley 4-5%) imparts to the alloy a warimm hest resisinnse at S00' at 
a atobiue content rangingbetwees § - 5%: im care of addiag moore than 54 NB the separ 
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Alloys with Rheniua and Platizoida '5h7'. Alloys of Rhscivue with aiobiua, temtalum | 


am plutinoids posaess hich acid resistance, hardiness, as well as aeuStetwerk thearcal 
expansion costficient,close to the coefficiens of many inévetrial types ef glass. 
Fecause of this such alloys can bo used in the role of electrode materid,melied-is inte 


vacuum Vessels ( wlectronic tubss, rectifiare) and alco in composition of el.-trie 


contacts. Far tips of automobile baeile springs are recommended sepecialiy hard and 
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remaining Rhenium ) special recommeniaticn hea been gained tg the alloy containing BS 
Re, L&% Ru, 7a5% Wh, 2.5% BL. Phe alloy possesses hicher hertmese without inereased 
brittionse# ( eee also ppel73, WRe 
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Ta and Wb omalgam, inolwiing the alestrolytic deposition of mercury oz 6 niobium 
cathode, arrived at & eoneluai em that thees metals do not at al) reast vith By. 


Alleys with sulfur. Tantalum with sulfer form a BeGp sulfide (26012 8), the asri= ; 
vation and propert! .« of vhich are deserited in groatar detail ty’ S5a} : 
Miotivs vith mifu: form 4 number of suifites|55t|, : 
Siloys with selembun. Bolton points toward the existenss of tantalum: 465| ant og 
niobiwn/552 | selenides of unknova ccmposition, : 
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Pundamental 


IThe Chemics} industry 


5 up to 13% Mb 
0 = 100% Ta 


| the corrosion of HNO, 


High corrosion recis- 
; tance, the properties 
of getters 


The chemical industry 


i Alloys replace Tan- 
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iThe chemical industry /259 


Corrosion resistance 


| High mechanical stabe 
| iiity, good mchin- 
| abliicy 


lconstruction material 


: High hardness, Infusi-~ [Adudixtures to other 


Noe 
| bility, heat resis~- carbides in ceremet 
; tance solid alloys, used in 
: heat-resisting alloys 
0% X> | High resistance [In heat~resisting 
{ agsinst oxidation alloys 
12% ‘Nb | Creep resistance [In heat-resieting 
i ; alloys 
TaN | High resistance lIn heat-resisting 
| against acid cor- jalloys 
Tagh ; rovion, hardiness : 
1 and infuslolligy 
Smell admix- | Formation of the cham- iMocivying aluadrem 


| tures to AL ically stable and high jand ite alleys 
| and ite alloys; melting Taal compound | 
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Ta « H 


Ta ~ W 


Ta = SL 


Ta = Ko 


Ta - G 


Ta - Cr 


Nb(Ta} ~ 6 = 
Ni({Fe, Lo) 


Ta = Nb - & 


up to 7.5% W 
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alloys with 
| 27S Si 
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| oxidation 
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up to 50% Me 


Resistance against the 
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| Resistance against 
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Fields of 
Application 
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Itn electrical 
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Te - Cr ~ St | & -~ 80% 


(by weight); 
TaSio 
Ta = Or = Na | 10 ~ 40% Ta 
Nb - Mi- Crd 10 ~ 15% C; 
AL | 6% Ar; ur te 
Nb(Ta) -W- | & ~ 40% Tic; 
M-C- 6.9% Co; up to 
. | 6% Nb(Ta)c 
No(Te) - Re | 0.1 ~ 30% Nb 
B - Pt i er 0.3 ar 6% 
| B; Ol - 50% 
| Pt, the rest 
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